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vi INTRODUCTION. 


progress, Practical Ophthalmology is still in its infancy. It belongs 
to us to follow our predecessors in a manner worthy of them, and 
to render productive their wonderful scientific achievements. This 
may be brought about not so much by the introduction of new 
ointments, collyria, and other remedies, as by a more intimate know- 
ledge of the Physiology of the Eye, which deals in great measure 
with Optics and Physics. 

It cannot be denied that the practice of the present day leaves 
much to be desired in this respect. This is no doubt due to the 
defective Physical and Mathematical education which is frequently 
received by the Practitioner, and explains why he instinctively avoids 
the study of anything bearing a resemblance to Algebra, and looks 
upon it as something very difficult to be mastered—something quite 
without the confines of his sphere. 

With regard to the study of the Refraction of the Eye, the 
amount of Mathematical knowledge which is essential in practice 
is, however, very easily acquired. Indeed, even in following the 
course of the rays of light through the entire dioptric system of the 
eye, as far as the retina—a calculation which, towards the end, 
becomes somewhat complicated—the Author has not found it neces- 
sary to go beyond the elementary knowledge of Mathematics which 
he acquired at college, when studying the obligatory Greek and 
Latin. 

In order, however, to spare the reader even these formule, he has 
introduced a new plan into this book, and has separated the Mathe- 
matical portion from the rest of the work. The first chapter is 
specially devoted to those who take a particular interest in the 
scientific solution of the questions under consideration ; its perusal, 
however, may be entirely omitted; the reader may begin with the 
second chapter, in and after which he will find no formule, and yet 
will easily understand the meaning of the text. 

Even the Mathematical chapter is written in a simple and ele- 
mentary way, not denianding of the reader any of that preliminary 
knowledge which is so quickly forgotten. The Author begins at the 
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understood, it is easy to comprehend the manner of working and the 
practical value, not only of the Optometers of the present, but also 
of those of the future, 

The clinical portion of the work comprises all that, from a 
practical point of view, the Author has found to be of importance in 
his own practice in the clinics of the different countries which he 
has had the advantage of visiting, and in the writings of competent 
authors. That there is still much to be added, to be perfected, and 
even altered, follows from the fact that the science of Ophthalmology 
is still in its infancy. 

This work was first published in the French language. The 
present English edition has, however, been considerably modified by 
the Author's experience since its first publication. 

The Author is greatly indebted to Dr. C. M. Culver, of Albany, 
U.S.A., who has spared no pains in the translation of this work, a 
service which he is happy thus publicly to acknowledge. 


LANDOLT. 


Pants, May 1886, 
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according to the nature of the medium and the angle at which the 
ray falls upon this separating surface. If the ray strike the surface 
perpendicularly, it continues its course in the same direction; the 
rapidity of propagation of the light is, however, increased or diminished 
according to the nature of the second medium. 

When the ray falls upon the surface at any other than a right 
angle, it is deviated from its primitive direction, though remaining in 
the same plane—the plane of incidence. This is called the refraction 
of light. 

We give the name incident ray to the ray before its passage into 
the second medium, and that of emergent ray to the ray after it has 
penetrated the second medium. 


Inpex oF REFRACTION. 


Not all transparent media refract light equally. We distinguish, 
from an optical point of view, between denser and rarer media. In 
the former the light is propagated less rapidly, in the latter more 
rapidly, 

‘When a luminous ray passes from a rarer into a denser medium, 
it is deviated toward a perpendicular let fall at the point where it 
strikes the surface; and it will approach nearer to this perpendicular 
in proportion as the difference of refractive power (density) between 
the two media is greater. 

Conversely, when a ray passes from a refractive medium into one 
of less refractive power, it is deviated in the opposite direction; ie, it 
deviates from the perpendicular in pursuing its course, and that, too, 
proportionately to the difference, as to density, between the two media. 
This follows directly, moreover, from what we have just said. We 
have only to invert the case, and consider the emergent ray as the 
incident, The incident ray will then become the emergent, according 
to the well-known law that the course followed by a luminous ray, 
emanating from a point A of one medium, and passing through any 
number of other media to reach a point C, is exactly the same as that 
taken by a ray passing from C to A. This is a law with which we 
shall very frequently have to deal further on. 

1 In strict exactness it should be said that a portion of the light is reflected in the 
plane of incidence, at an angle equal to the angle of incidence, whenever the Inminous 
ray strikes the surface at a certain angle. Only a part of the light, then, penetrates the 
second medium. 

In relation to the portion refracted, the reflected part is greater in proportion as the 
angle of incidence is greater. As this angle increases, there comes s time when all the 


light is reflected, and when none of it penetrates the second medium. This is the total 
reflection of which we shall have occasion to speak again, later on. 


ANGLES OF INCIDENCE AND WEPRACTION, 3 


The refraction to which a luminous ray is subjected, in passing 
from one medium to another, is evidently as much greater as the ray 
is more deviated from its primitive direction, 

‘To express the relation of the refractive powers of two media, we 
employ, therefore, the relation of the angle of incidence with the angle 
of refraction. 
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Let M’ (Fig. 1) be the first, M* the second medium, and $$ the 
plane surface which separates them, From the luminons point A is 
given off a ray which strikes the surface at B. This is the incident 
ray. Erect at the point B a perpendicular PP’, The plane of the 
paper will be the plane of incidence, and the angle A B P the angle of 
incidence (i). 

Instead of continuing its course in the same direction, the my A B 
is deflected toward the point C. CBP’ is the angle of refraction (7). 

Tn order to cleal more clearly with the fundamental Jaws of refrac- 
tion, let us take, instead of a single ray,a pencil of luminous rays 
aw bY (Fig. 2), 

They have come suiliciently far from the luminous source, that the 
surface of the wave, of which cl represents a section, may be regarded 
as plane, and the rays as parallel to each other. The light of this 
pencil has been propagated in the medium M’ with a rapidity (v’), up 
to the time when it meets the plane surface SS, which separates the 
two media M’and M*. The latter medium is the denser; that is to 
say, that light is propagated in it with less rapidity. ‘The surface ¢¥/ 
of the Jast wave, which is entirely in the medium M’, forms, with the 
surface, the angle c/a’. We designate this angle by & While the 

of the wave corresponding to the point > enters the medium 
‘MM’, and & there propagated with lessened speed only to the point d, 
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the portion ¢ of the same wave still remains in the medium M’, and 
takes a longer course to a. Hence a’d is the first wave-surface 
which contains all the light of the pencil. Tt forms, in the second 
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medium, with the surface § S, the angle i’ a’d. This we call r, Now, 
bie being perpendicular to aa’, and a’ @ perpendicular to # 8, it will 
be seen that— 


Hence 
ae 


snr” Va 





Now the angle ¢ is equal to the angle p2°}; that is, to the angle 
of incidence, since their sides are perpendicular to each other. For 
the same reason, the angle r is equal to the angle UW py"; that is, to 
the angle of refraction. 

The length of «’c is evidently proportional to the rapidity of pro- 
pagation of the light in the medium M’ =’, The length of #d is 
proportional to the rapidity of propagation of the light in the medium 
M’ =". Hence we have 





sing of 





ane 0 
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When the first medium, M’, in which the luminous point is 
situated, is less refractive than the second, M”, the mpidity (v’) of the 
former ia greater than that (v") of the second; n =% becomes greater 
thon 1,and sin i greater than sin r. Hence the refracted ray BC 
(Fig, 3) approaches the perpendicular PP. The converse is the case 
when the light passes from the second into the first medium. We 
then have 5 =). 

The index of refraction of the second medium is thus the reciprocal 
value of the index of the first one. The refracted ray CD (Fig. 3) 
recedes froin the perpendicular P” P’ in the same proportion that the 
ray BC approached it. From this it follows that, when a dioptric 
medium is limited by plane and parallel surfaces which separate it 
from the same medium on both sides, the incident rays are so refracted 
that they leave the medium in a direction parallel to their primitive 
one. They are only more or leas displaced laterally. See the rays 
AB and CD (Fig. 3} 
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‘The case is the same for au infinite number of media of different 
indices of refraction, separated by plane and parallel surfaces, pro- 
vided that, after 


direction, 
We 0 refra » power of a substanee, the 
om the air (or rather from: 
substance, ie, the relation 
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fraction? We may solve the problem either by calculation or by 
construction. Let us first calculate. We write— 





log ain 10° = 0-2396-1 
_ log 133-40-1238- 
sin log O1168—1=7" BY 10" 
Dividing 10° by 7* 30° 10° we obtain in fact 133, 

Let us solve the problem again by construction, which is no less 
instructive, The number 133 is equivalent to 4, and if we say that 
the sine of the angle of incidence iz to that of the angle of refraction 
as 4 is to 3, this signifies that the secon! is always Jess by } than 
the first. 





Fre 4. 


Tn Figure 4, let A B represent the incident ray which meets the 
surface § § in B, at an angle A B P, P P’ being the vertical creeted 
at B. In order to find first its sine, we e one point of a pair of 
dividers at B, and describe a circle of any diameter around this point 
sgacentre. From the point D, where the circle intersects the my 
AB, we draw a perpendicular DE to BP. This is the sine of the 
angle of incidence. Now divide this length ED into four equal 
parts, Measure off from B toward F, a distance equal to three of 
these parts. Draw from this point a line parallel to BP, and the 
point where it intersects the circle will mark the point through 
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greater than 48° 35° will no longer emerge from the water. They 
all remain in it, and are reflected by its surface at the same angle 
at which they meet the surface. Since all the mys beyond the 
limit angle are reflected and none refracted, the phenomenon is ealled 


total reflection. 
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Figure 5 gives the explanation of this. It is constructed in exact 
accordance with the data for air and water. 

Let M’ be the air, M” the water, 8S the surface, and L alumi 
point in the water. The ray LA emerges from the water 
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being refracted. The other mys emerge from it at constantly in- 
creasing angles, LE continues its course along the surface toward 


| 
ie 


REFRACTION BY A SPHERICAL SURFACE, il 


E. ALE isthe limit angle. LF does not emerge from the water, 
but is reflected toward F. In a word, all rays which meet the surface 
at an angle greater than ALE are no longer refracted, but are 
reflected by the surface. From LF on, all rays are reflected in this 
way. 

The limit angle of crown glass is 40° 49’; that of flint glass 
87" 36. 

A familiar example of total reflection is afforded by the rect- 
angular prism. 

The luminous my LM (Fig, 6) falls upon the surface of the prism 
normally, and passes through it without any deviation or refleetion ; 
Dut at N it meets the hypotenuse surface ut an ang 
to say, greater than the limit angle from glass to air. 
goes total reflection toward O, where it emerges from the prism, still 
without deviation or reflection, being directed perpendicularly to the 
surface BC. Thus it is that all the light from L is reflected by the 
surface AC towant P. 
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Let us suppose now that tle rays yiven off from a luminous paint 
L do not fall upon a plane surface but upon a spherical one, SHS 
(Fig. 7), which separates the medium M’ from a mare refractive 





mediaom M” This surface is convex on the side of the point L, and 
its centre of curvature is C. 
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Tn this case the different rays strike the surface at very different 
angles. The spherical surface may indeed be considered as composed of 
an infinite number of plane surfaces inclined to each other, each being 
‘at right angles to the mdius of the sphere which corresponds to it, 

Take, for instance, the my LA, It simply passes along the 
pacts Gripen fa dad without peneoaiing fs belgesel ag 
the radius CA of the sphere, and hence parallel to the surface ab the 
place where it comes in contact with it. 

Another will fall upon the surface at B, at an angle LBY; it will 
be deviated. The corresponding angle of refraction will be CBB. 
Hence the ray will continue its course in the direction BY. 

Another ray will strike the surface at D, at an angle LD 
than LBY. It will still be deviated, but less so than LB, a 
be directed toward D*. 

Another ray, LE, still less inclined to the surface, will be refracted 
toward FE, The ray LH, which is directed toward the centre (C) of 
the surface, is perpendicular to the latter and passes through it, without 
deviation, toward V. It coincides with the axis of the 

‘The same phenomenon which we have observed above this my is 
also observable below it, and in every plane passed through the 
line LV. 

Causing the surface to revolve about LV as an axis, all rays that 
meet it at the same angle describe, upon this surface, circles 
Has a common centre; and all rays which traverse the same 
are united at one and the same point of the axis Thus the 
which meet the surface at an angle LBY, describe a circle, of 
B is one point, and are united at BY. g 

AIL those which, in whatever plane, meet the surface at an ar 
LEW, are included in a circle of the surface, of which E is on 
point, and are united at E, Hence all the rays which haye | 
through at the same distance from its summit will be united ab 
same point of the axis; but this point will be nearer the surface 
proportion as the rays have pussed through it further from its 
‘The rays nearest the apex are united furthest Tekin te rapt 

A homocentric pencil of rays—ie,, one coming from a single point— 
will not therefore remain homoventric, that is to say, it will no longer 
be directed toward a single point after having passed through a 
spherical surface, but will form a focal line. 


1 To bo quite oxact, we should add, on condition that the light bec 
Indeed, if the light be curaposed of different colours (ax white light, for instance), it 
‘in proportion as they belong to 8 part of the 


more 
sclar wpectrum nearer tho violet extremity, or ay their wave-length ix law, ‘Mie iy what 
is called chromatic aberration. 
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We ask, where the rays emanating from the point L’ will be united 
in other words, where will the image of L’ be formed ? 


7 
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Let us draw a line L’Z through the centre, C, of the surface, ie, 
its axis) We may already say that the image must be situated on bi 
line, since it is one of the rays of the pencil given off from 
undergoes no deviation, because it strikes the surface at right mata 
Tt remains only to determine in waich direction a given ray LA is 
deviated ; and where the refracted ray moots the axis, all rays emanating 
from 1’ will be focused, and the image of L’ will be at this point. 

To find the direction followed by the ray 1’ A, let us erect at A 
the perpendicular AB, which is simply the prolongation of the ray 
CA. LAB is then the angle of incidence. Suppose AL” to be the 
refracted ray; CAL” will then be the angle we are seeking. Let n” 
be the index of refraction of the first, and x” that of the second 
medium. Conformably with the formala 15, we write— 


a xsin LA Ben’ x sin CALY 
Now the sines of the angles of a triangle are to each other as the 
opposite sides. We have then, in the triangle 1’ A C— 
dn AC LC 


in ATC Yr’ 
if we designate by r the radius AC of the surfa 
of the angle L’ AC is equal to the sine of the adja: 


sin VAB_ LC 























or, since the sine 
nt angle L’ A B— 








sin ALC 

In the triangle CL" A we have— 
in CAL” CL” 
sin AT ne 





‘On dividing these two equations, the first by the second, we obtain— 


sin VAB an AIVC_UC 
sm CAL*™ am ALC CL” 
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This equation may be transformed in the following manner: 
wf (f-r=wf (f'+r) 


Wf fn fran fi fren fir 
FOSS —n ran fr 


and 


26 





By the same transformation is obtained, from formula 3 a, the 
following one: 
3b 





Under these forms the preceding formulse are most readily remembered. 
If the first medium be the air, its index of refraction n’ becomes 
equal to 1, and, substituting simply 2 for n”, the formula 2 5 becomes— 
lpn _n-1 
th : 
Ls 
raf f' (n=), 
Fath 
The formula 3 6 is likewise simplified for air—ie, for n = 1 it 
becomes— 


26 





whence 





3e 





It will be seen that the luminous point and its image are in- 
timately related to each other. 

We call the luminous point and its image (L’ and L” in our 
example) conjugate foci, and the distances f’ and 7”, which separate 
these two points from the refracting surface, conjugate focal distances. 
One is generally called the /irst, or anterior, conjugate focal distance; 
the other, the second, or posterior, conjugate focal distance. 

When the luminous point is at infinity (Fig. 9), it emits rays 
which are parallel to each other, Then J’ becomes co, and the 
formula 2b becomes— 
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‘This is an especially important case. We give the name second 
principal foows to the principal posterior focus, because it ix situated 
behind the refracting surface, at the spot where the rays, which were 


Fis, 0. 


parallel before passing through the refracting surface, are united ; 
and we call the distance, which separates this focus from the surface, 
the seeond principal focal distance. We shall designate the second 
focus by ¢” and the principal posterior focal distance (H g’, Fig. 9) 
by FY. 

Deducing the value of F’ from the preceding forraula, we obtain— 

F-= ar 4a, 
wn ae 

When the first medium is air, whose index of refraction equals 1, 
the formula becomes simpler. Let us again call the index of refrac- 
tion, of the second medium, 7, and we shall have— 


we ph. 
Fete ..:- 40. 

For parallel rays, g (Fig. 8) likewise becomes infinite. 

Designating by G" the distarice C g" (Fig. 9) from the centre of 
curvature to the second principal focus, we obtain, from the formula 
3b, the expression— 

i 45 Peper ec 
wa 

When the first medium is air, this formula is transformed into— 


C= 5d 


n= 





The well-known law of reciprocity, according to which rays, 
coming from « point B and being directed toward a point A, follow 
the same path as those coming from A and directed toward B, shows 
us that, if there be a luminous focus at ", iz., at the second principal 

5 














18 PIYSICAL PORTION. 


foens, rays emanating from it are parallel to each other, after having 
passed out of the second medium through the surface SHS, 

Ii, on the contrary, these be parallel in the second medium (Fig. 
10), they should be focused somewhere in front of the surface. Then 
F*, of the formula 2 2, becomes infinite, and we obtain— 

rent 
f on" 

In this particular case the point of union, of mys which were 
parallel in the second medium, is called the first principal focus or 
principal anterior focus, We shall designate it by g The distance 
@ H (Fig, 10), which separates it from the refractive surface, will then 
be the first principal focal distance, 
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We designate it by F’ and deduce for it, from the preceding 
formula, the expression— 


= de 
ww 
When the first medium is air, this formula is simplified, and 
reads— 
ne Fr os) ee 


n- 

In case the luminous point be situated at an infinite distance in 
the second medium, 4” likewise becomes equ 1 to c, and from the 
formula 3b ul e C ¢", which separates the frst 
focus from the centre of curvature, the formula— 


Be 


~. od 


concavity is toward the light, the 
he second to F. 
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Let the curvature of the surface be the same, but medium different ; 
glass, for instance, having an index of refraction equal to $; then 
F" will be equal to 3 x 5 = 15 millimetres, and F’ will equal 
2 x 5 = 10 millimetres. That is to say, the ratio between the two 
focal distances is equal to the index of refraction of the refractive 
medium, and their real lengths are multiples of the radius of curvature. 

‘The same proportion exists necessarily between G’ and G”: 





We have thus eliminated the expressions n’, n” and r, which 
greatly simplifies the calculations. Provided we know the first and 
second focal distances, we can easily find the spot where is formed 
the image of a point situated at a distance / in front of, or f” behind 
the refracting surface, or at g’ in front of, or g” to the rear of its 
centre of curvature. We deduce, in fact, from the formule 7, for 
these different lengths, the following formule : 


8a. 





Let us calll the distance from the object to the first focus (f’— F) 
=I, the distance from the image to the second focus ("—F*)=0". 


In the formula /’ = 7%, let us subtract F” from each member of 
the equation, and we shall obtain— 





(F-F)(f-F)aFF 
eFPF ... 1. . Te 
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The plus sign is given tof" and g’ ns well as tof” and g’, ws long as 
the object and the image are on opposite sides of the surface. 

If, on the contrary, the image and object be both on the same side 
of the surface, / and 9’, or f* and g” take the minus or negative sign. 
This may happen when the luminous point is removed from the 
surface beyond infinity, ie, when the rays coming from this point 
re neither divergent nor parallel, but convergent. This is not an 
impossible case. Although no luminous point ever emits convergent 
rays, still the rays coming from it may be rendered convergent, either 
hy causing them to pass through a convex lens, or by reflecting them 
from a concave mirror. The object L’ is then situated at the point 
where the convergent rays would be focused if prolonged, i., behind 
the surface, on the same side of it as the image (Fig, 11). 
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Tn order to find the place of the point 1’, we shall have to 
futroduce, with the minus sign, the value of /” in the formula, for /*. 

Let us take an example: 

Let F*= 20 millimetres 
Fal ” 
and suppose that the rays which strike the surface converge toward a 
point L’ situated 250 millimetres behind the surface; / is then 
negative and equals—250 millimetres : 
-_ - 20% 250 5000 _ )«, 
Jo agg = 187 Bop — 28'S millimetres. 

L’ is therefore situated 188 millimetres behind the eurface, ie, 
nearer to it than is the principal focus. This is conceivable: parallel 
rays are united at the focus, in ¢", and rays which are already con- 
vergent before reaching the surface must be united nearer the surface 
than the parallel ones, and all the nearer according as they are more 


convergent. 
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Let us invert the case, and. make L” the object, situated in the 
second medium. It follows from the law of reciprocity that, in this 
case, rays emanating from L” diverge as if they came from a point L’ 
situated behind the surface. L’ is, then, the image of L’, but this 
image is virtual, i., it has no real existence, since the rays emanating 
from L’ are nowhere focused, and we have obtained L’ only by 
supposing these rays to be prolonged backward. We shall see, 
however, that these divergent rays do not always pass on to become 
lost beyond infinity. Let us suppose, for instance, an eye which 
looks toward this convex surfdve and which is capable of focusing 
divergent rays upon its retina. It would collect the rays coming from 
L", and this point would appear to it as if situated at L’. 

Supposing now the incident rays to be less and less convergent, 
L’ and L” will recede more and more from the surface, L’ more rapidly 
than L”, until L’ shall have reached infinity, when the incident rays 
are parallel and are focused at ¢’. The image L” is then at the 
principal focus, 20 millimetres behind the surface, in our example. 

‘When the luminous point L’, the object, is within infinity, de, at 
a finite distance in front of the surface, L” should be beyond «", behind 
the surface; hence f” and /” are positive (Fig. 8). 

Let us take an example. L’ being 250 millimetres in front of the 
surface, and F” and F’, equal respectively to 20 and 15 millimetres, 
as in the preceding case, we shall have— 

20 x 250 _ 
P= 350-157 

Hence L” is situated 21:2 millimetres behind the surface. If there 
be a luminous point at this distance, in the second medium, it will 
produce its image 250 millimetres in front of the surface. 

The nearer the object L’ approaches to the surface, the farther its 
image L” recedes from it. At length, when L’ has reached the 
anterior focus (¢'), the rays are no longer united, but are, as we have 
seen, parallel to each other after having passed through the surface 
(compare Fig. 14). 

If the luminous point be brought still nearer the surface, and be 
situated between it and the anterior focus, the rays must diverge 
after their refraction. Supposing that the first focal distance remain 
15 millimetres, and that L’ be 10 millimetres in front of the surface, 
we shall obtain for f” a negative value: 

20 x10_ 
10-1 





21-2 millimetres, 


— 40 millimetres, 








which indicates that L” is situated on the same side of the surface as 
L. In other words, that the rays given off from L’ diverge, after their 
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passage through the surface, as if they came from a point situated 
40 millimetres in front of it (compare Fig. 15). 

When L’ is on the surface itself, the image and object of the point 
coincide, 


IMAGE YORMED BY A SINGLE RerractinG Sur¥ack. 


We have seen that a luminous point 1’, situated at a distance /” in 
front of « spherical surface, on its axis, ie., upon the line which passes 
through this point and the centre off curvature of the surface, forms 
its image 1’ at the distance /* from the latter. 
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Another luminous point A’ (Fig, 12), situated at the same distance 
from the surface, ought to act in exactly the same way as L’, It will 
likewise form its imnge upon the axis passing through this point and 
the centre of curvature C of the surface, and at the same distance 
beliind the latter as the rays emanating from I’—since L’ and A’ are 
equidistant from the surface,* 

Hence we have only to draw a straight line from A’ through C, 
and to mark upon it the length /*, from the point where this line cuts 
the surface (or g” from C), in order to find the point A*, which will be 
the image of A’. 











The name optic axie or principal aris is generally givon to the axis 
which, like L’ L” in our example, is perpendicular to the refracting surface, 
when the latter fs mgantol ax plane. ‘The axes corresponiling to points not 
sitmated upon the principal axis are then called eonlory axes, These 
secondary axes have the «ime significance, for points not situated upon the 
principal axis, that the latter has for the points which it connects. 





© We eappore the | orion of the surface which produces the imaye of A’B’ to be small 
onsrmgh 10 ln sunsidercl parallel to A’ B'. 
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Since the same thing takes place in the case of B' as occurs in the 
case of A’, the image of the former will be formed at B’. i 
The same thing is repeated, too, for all points situated between 

A’ and B’; all form their images between A“ and B” upon the axes 
corresponding to them. All the points united form, on the one hand, 
the linear object A’ BY, and, on the other, its linear image B’ A*. | 

All lines situated in a plane perpendicular to the axis L’L', and, — 
passing through L’, will thus form their images in a plane perpendi- | 
cular to the axis, and passing through the point 1”, 

Hence a plane object, perpendicular to the opticaxis, and situated _ 
at the distance J” in front of the surface, forms its image at the dis- 
tance f" behind the surface, This image is real when it is situated 
on the opposite side of the surface, because it is then formed by the 
union of mys emanating from every point of the object. 

‘We have, indeed, drawn but one ray for each luminous point, inas~ 
much as, f° being already known from the calculation, a single ray was 
sufficient; but in reality each luminous point gives off un infinite 
number—an entire cone—of rays, which are all united at the point — 
which corresponds to them.—(See Fig. 13 for the three points A’, 1’ | 
and BY) 
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The image is inverted relatively to the object, What is above iu — 
the object, is below in the image ; what is at the right in the object, 
is at the left in the i and vive versd. It is, moreover, geometii~ 
cally similar to the obje A’ B' and A” BY are in fact corresponding 
sides of two similar triangles, whose angles are equal. Henee, in 
order to find the size of the image, we write— 
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According to the formula 8a, we obtain for /7— 





20 1000 _ 20,000 _ 45,4 
F100 = 20.000 20-3 millimetres, 
and for the size of the image ¢: 
ja 2 =2) 12 (203 ~ 5), 0.18 millimetres 





Ltr 1000+5 
or, again, 
oF _ 12x15 


oF sal ea a 


i 





netroe. 


The same result is obtained if all the distances be reckoned from 
the centre of curvature, ie, with g and G. 





Vio. 1h. 


Vi the ohjext approach the wurface, the image recedes from it, as 


will be readily visa formula 9a; é 





retpod upon reference to th 
tresses 10 direct proportion with yg’, and in inverse proportion with g’, 

When the object in ut u distance, F* in front of the surface, the 
seine ing Conire mils tor deel point of the object as for the point 
L/p=thad be te may, the pay nn are mutually 
parallel, aid follenw tus Avy s through the 
eonine Cy ba 

Hays ching ean A’ ave Wenewlitod jn the direction A’ CY; 
Chimes ernamnting tron Hy hn thee Mimwetion WC Z 

Motrin wo inp 4 thu whip ywherw formed, The latter 


i ly the faot that all points 





wis OT From anole of t 








4 the ray whiels pas 








iy Waite bas phen whyled 





labngiong bs Mh mut oy heving jawed through the 
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spherical surface, are parallel to each other and to the ray passing 
through the centre of curvature. This plane is called the irat focal 
plane or anterior focal plerne. 

If the object approach still nearer the surface, the rays given off 
from each of its component points are still divergent, after having 
passed through the surface, but less so than they were before. Rays 
coming from A’ are dispersed in the directions YY Y, those from BY 
toward ZZ Z (Fig, 15), 








Hence they ure nowhere foeused, but they may be supposed wo be 
prolonged backward, and, at the point of meeting of their prolonga- 
tions is situated the virtual image of the object—the image of A’ at 
A® (Pig, 15), that of B’ at BY, They are at distances which may be 
calculated from the formulae for f” and g’, and in which /” and g” 
will have the negative sign (—), 

Te will be noticed that this virtual image has the same direction 
ws its object, and is greater than the latter, It increases in size, and 
recedes from the refracting surface in proportion as the object ap- 
proaches this surface, 

When the object is on the other side of the surface, beyond the 
principal focus 4°, we have the same conditions that have been 
heretofore considered (Figs 12 and 13). But what was the image, in 
that case, has now become the object, and rice versd. An object of 
the size of B'A" forms, at a distance /" from the surface, in the first 
medium, a real image of the size of B'A’, inverted relatively to the 
direction of the object. 

When the object is in a plane passed through the second principal 
focus ", the rays given off from each of its component points are, 











l 
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after having passed out of the medinm M’, parallel to the may drawn 
from each point through the centre of curvature. They are nowhere 
focused, unless they be concentrated by means of a convex lens or 
other collective system. For instance, an eye which is able to focus 
parallel rays upon its retina will see the object situated behind the 
surface, and in its true position, £4, not inverted. 

When the object is between the second principal focus and the 
surface, the rays coming from it are divergent after having passed 
through the latter (Fig. 16). 





Fro. 16. 


Rays emanating from A’ pass off in the direction YY ¥, those 
coming from B’ go toward ZZ Z. But to un eye that could foous 
divergent rays, those given off by A’ would seem to come from a point 
A" situated on the backward prolongation of the ray of direction A’C, 
where all the prolongations of rays coming from A’ meet, Those 
given off from B’ would appear to arise from BY’, and those coming 
from points between A’ and B’ would correspond to points between 
A’ and BY. In short, the observer would see the object A’ BY enlarged 
(A’ B’)in its true position, and situated to the rear of its real Iocation, 

Inverting the case, it may be said that convergent mys whiel 
without the refracting surface, would have formed an image A® BY, are 
rendered more convergent by the surface through which they pass, and 
are focused by it nearer, into an image A’ B’, which is smaller than 
would have been without this refraction, 4 

We encounter all these possibilities in practice; and it is for this. 
reason that we lay stress upon these different cases, 
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second focus, H’ HH" the refracting surface or the principal plane, 
and K the nodal point, The image of the point L’ must be formed 
somewhere on the axis XY, If we have merely the direction of 





Fros, 17 and 18 


another ray emanating from Li, the image of L’ will be given by the 
intersection of this line with the axis, 

Let us take a ray, L'H’, which passes through the focal plane at 
O, and through the principal plane at H Supposing that the point 
O iteelf be luminous, the rays emitted by it will be parallel to each 
other after having passed through the surface, and, moreover, parallel 
to the ray of direction O K P drawn through the nodal point K. The 
ray OH’ may evidently be regarded as coming likewise from 0. 
Hence it will be parallel to O P after having passed through the sur- 
face, and will be directed toward Q. Tho ray H’ Q meets the principal 
axis at L. Hence L’ is the image of L’ 

Something analogous to this will occur for the rays given off from 
the point A’, But, in order not to render the figure perplexing, we 
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The FocaL vLANES have the same property as those of a single 
refracting surface. The rays given off from a point of the first focal 
plane are, after refraction, parallel to each other and to the rays of 
direction. 

The rays that were parallel before refraction are focused in a point 
of the second focal plane. ‘This paint is likewise indicated by the rays 
of direction. 

‘The PRINCIPAL PLANES are defined as follows; If a parallel to the 
principal axis be dmwn through the point at which an incident ray, 
or its prolongation, pierces the first principal plane, the point where 
this line pierces the second principal plane is in the course of the 
corresponding emergent ray or its prolongation. In other words, 
the directions of any incident ray, and of the corresponding emergent 
ny, pierce the first and second principal planes in two points situated 
on the same side of, and at the same distance from, the principal axis of 
the system. 

The second principal plane is the optical image of the first, and 
vice versa, These are the only two conjugate images which have the 
same size and direction, The two principal planes of the composite 
system correspond to the single principal plane of the simple syatem 
(haying but one refracting surface). 

‘The ¥IRST PRINCIPAL FOCAL DISTANCE is the interval which separates 
the first principal focus from the first principal point. 

The SECOND PRINCIPAL FocAL pistaNce is the interval which 
separates the second principal point from the second principal focus, 
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Let X ¥ (Fig. 19) be the principal axis; 
~ and ¢” the first and second foci ; 

H and H the first and second principal points; 
K’ and K" the first and second nodal points, 
 H is the first principal focal distance =F’; 
¢” H” is the second principal focal distance 


c 
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The distance (G’) from the first focus to the first nodal point is equal 
to the second principal focal distance, and the distance (G") from the 
second nodal point to the second focus is equal to the firat principal focal 
distance: 

$K'=¢" H 

¢ H’=¢" K 
if, as for the single refracting surface, we designate by F’ and F" the 
distances from the foci to the principal points, and by G’ and G* 
those from the foci to the nodal point. 

From this it follows that the respective distance, of each principal 
point and the nodal point of the same kind, is equal to the difference 
of the two focal distances : 

HK'=H’K’=F-F, 


and that, moreover, the distance between the two principal points is 
the same as that between the two nodal points: 


HH’=K’K’. 

Finally, the two principal focal distances are to each other as the 

indices of refraction of the first and last media : 

FUF Fow 

Ww Fo 
if n”” be the index of refraction of the last,—of the fourth medium, for 
instance. 

If, then, the last medium be of the same nature as the first, and we 
have n’=n" (as in most optical instruments, but not in the eye), the two 
principal focal distances are equal, and the principal points coincide with 
the nodal points. 

As soon as we know the cardinal points of a dioptric system, it is 
easy to calculate or construct, for any object, the image of such object 
as formed by the system in question. Hence, when one has to deal 
with a dioptric system, it is essential at the outeet to ascertain the 
location of its cardinal points. 





TWO SURFACES SEPARATING TWO REFRACTIVE MEDIA. 
‘LENsEs. 

Iet us first take the simplest case—that of tio surfaces separating 

one medium from another. This is the case with lenses in air or the 


crystalline of the eye, supposed to be homogeneous, since the aqueous 
humor and the vitreous body have, as we shall see, the same index of 


refraction. 
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Light coming from the first medium passes through the first 
surface of the lens, is tranamitted by the second medium, and leaves the 
latter, passing through the second eurface to re-enter the first medium. 

‘The line, on which are situated the centres of curvature of the two 
surfaces, is called the principal axis of the lens, This is the principal 
optic axis, 

Considering again, as tor the single surface, only a part of the lene 
very near the axis (3° to 5°), it is found that when the incident pencil 
ix homocentric, the emergent pencil is equally 30. 

The luminous point and the point at which the emergent rays meet 
are therefore conjugate foci. The latter may stil] be real or virtual. 

Two groups of lenses are distinguished (Fig. 20). 





io, 20, 


I. Lenses with sharp edges (thicker at the contre), convergent or 
positive lenses. 
TI, Lenses with blunt edges (thinner at the centre), divergent or 
negative lenses, 
‘The first group comprises— 
1, The bicontex lens (1) ; 
2. The plano-convex lens (2) ; 
3. The convergent meniscus (3). 
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The second group comprises— 
4, The biconcave lens (4) ; 
5. The plano-coneave lens (5) ; 
6. The divergent meniscus (6). 


Biconvex Lzns. 


Let us take a biconvex lens, surrounded by a single medium, and 
seek to determine its cardinal points, taking as a guide the definition 
which we have just given. 
We shall call— 
The index of refraction of the ambient medium, . . 
The index of refraction of the lens, . * . 
The radius of curvature of the first surface 8, > 4 
The radius of curvature of the second surface 8°, . 3 
The first focal distance of the first surface S’ ¢’ : 
‘The second focal distance of the first surface S’ ¢", 4 
‘The first focal distance of the second surface 8” x” - 
The second focal distance of the second one Sr", . 
The thickness of the lens, . . é . . 

(Compare Fig. 21). 

The first surface S’ gives us the following formule :*— 


For the first focal distance, Nagi 


x 
“ 
Yr 

- 
Si 


For the second focal distance, "=". 
The second surface 8” gives— 
For the first focal distance, f, 





For the second focal distance, f;" = a. 






Between the second focal distance of the first surface, and the first 
focal distance of the second surface exists, therefore, the relation— 
fio wr awe or 


ji wow Wow 
that is to say, that these two distances are to each other as the radii 
of curvature of their respective surfaces. 








Principal Planes and Points of the Biconvex Lens. 


According to Gauss’ definition, all rays which before refraction 
were directed toward a point in the first principal plane, seem, after 
1 See formule 4a and 4c, 
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refraction, to come from a point, in the second principal plane, which 
is situated on the same side of the axis as the first, and equally 
distant from the axis. This is the case if the two planes are tho 
images of each other, the two images being equal in size, and the first 
having relation to the course of the rays in the first medium, the 
second to the course of rays in the last medium. 

In order to ascertain the location af the two principal planes, it 
may be assumed that both of them are images of a common luminous 
plane, seen from cither side of the refractive system. 

Let us sock, thon, for the biconvex lens, the plane of which each of 
the two surfaces furnishes an image of the same size, or which, seen 
from the two surfaces of the lens, appears of the same size. Let OT 
(Fig. 21) be the section of this plane, 





Fre, $1. 


In order to find the image of it, which the surface 5’ furnishes, let 
us draw aray, PD’, parallel to the axis. It will be refracted toward 
the first focus ¢' of this surface, 

Let a line be drawn from the second focus ¢" of this surface, 
through P, to the first surfuce at N’, and N’Q’, parallel to the axis, 
will be the direction taken by the my PN’ after refraction, The 
(virtual) image of P furnished by the surface 8’, is evidently situated 
where the two rays, given off from P, meet each other. Thie is at 
J’, gD’ and Q’N" being prolonged backward. Hence J’H" is the 
virtual image of OP furnished by the first surface 8° 

For the image of the second surface we proceed in a similar way. 
P 1)" x” is the my which, in the interior of the lens, was parallel to the 
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axis, and which is refracted toward the second focus x” of the second 
surface. PN’Q" is the direction of a ray emanating from P, and 
appearing to come from the first focus x’ of this surface. The two 
tays, prolonged backwards, meet at J’. J” H” is therefore the virtual 
image of PO furnished by the second surface. 

Now, if PO, as we have supposed, has been well chosen, J’ H’ and 
J” H” are images situated in the principal planes, and must be of equal 
size. J’ H’ being equal to J” H’, the lines Q’J’ and J” Q” must form 
but a single line, Q’Q”, parallel to the axis. To find the location of 
O, we make use of the similar triangles ¢”S’N’ and ¢” OP, whence 
we derive, designating OS’ by a— 





From the similarity of the triangles x’ S” N” and x’ O P, it results 
that— 





representing O S” by b. 
S’N’ and S’ N” being equal to J’ H’ = J” H’, we have, according to 
our previous supposition— f 





whence ; 
MI Shy SS Hh eae 10% 


That is to say, that in order to find in a lens the point O, whose 
images are two principal points, the thickness of the lens must be 
divided into two parts, of which one is to the other as the second 
focal distance of the first surface is to the first focal distance of the 
second surface ; or, again, as the radius of the first is to the radius of 
the second, since we have seen that— 

AY 


aor 

When the two surfaces have radii of equal length, O is at the 
middle of the lens; when they are of different curvature, O is nearer 
that one of the surfaces which has the shorter radius. 

‘Again we may write— 

a_b 

nk 
b_a 
Ah 


1 
108 
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Expressing @ and b by the thickness (S’S"=e) of the lens, we 
obtain— 


The situation of the point O, and consequently that of the plane 
OP, are thus determined. Let us now seek that of the points H’ J’ 
and H’ J” relatively to the two surfaces of the lens; in other words, 
the values S’ H’=/’ and 8” H”=h". 

For this purpose we make use of the similar triangles ¢’ J’ H’ and 
¢’ D'S’, whence we derive 

JH _¢H 
vs Ss 
Now 





Hence we may write— 
UH! _fi+h 
oP i 
Fron the similar triangles ¢”S’N’ and ¢”O P we derive in a 
similar way— 








gn s fy 
OP OP “f-a’ 
and J’ H’ being equal to J” H", we have— 








From the similarity of the triangles x” H” J” and x” S" D’, we 
conclude that 


THB Ate 


OP 
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J” H” being equal to S” N”, we may write— 
Sth of 
Te Rab" Gee 


Substituting for } its value taken from formula 11, we Gbtailijitd 
the distance of the second principal point, or plane, from the b 
surface, the formula— 





a; 
ts 


or, expressed by the indices of refraction and the radii of 





There exists, then, between h’ and h”, the same relation as betweatl 
7 andr’, 

Hence the principal planes, united, play the same part as one single 
refracting surface. 

The distances for the optical centre (a and 6) and for the principal 
points (f’ and 4”) are reckoned—a and A’ positively to the right 
and negatively to the left of the first surface, b and k” positively to 
the left and negatively to the right of the second surface. 

The positive sign which results for them, from their formula of 
the biconvex lens, proves that these points are all situated in the 
interior of the lens. 

To find the point O and the principal planes by construction, one 
must follow the course opposite to that which we have taken in our 
deductions,—ie, one must commence by drawing the line Q’Q’ 
parallel to the axis, and then, from their intersections with the surfaces, 
the lines N’g” and N’ x’ which give the point P. Finally D’ D' is 
drawn, through P, parallel with the axis. 1)’ g’ and D’ x”, prolonged 
backward, will give the points J’ and J” of the principal planes. 


Principal Focal Distances of the Biconvex Lens. 


The second principal focus of the lens, ©” (Fig. 22), is the point at 
which are focused all the rays which, before entering the lens, were 
parallel to the axis. Let Q/Y’ be one of these rays. The surface S’ 
alone would refract it toward its second focus ¢”. Hence Y’ ¥" is the 
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path taken by the ray in the interior of the lens. Y" is a point in the 
course of the rays after refraction. 

On the other hand we know that, when a my meets the first 
principal plane at J’, it continues its course, after refraction, as if it 





I, 
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came from the point J of the second principal plane, J’J" being 
parallel to the axis. Hence J” ¥" ©” is the final direction of the ray 
QY, and # the second focus, of the lens, geometrically determined. 

The first principal focus (4°) of the lens is found by ineans of « 
similar construction. We have only to repeat the same construction, 
taking a parallel ray coming from the opposite side, refracted at the 
surface S", toward g’ Its prolongation would meet the second 
principal plane at J", &o., as previously for Q’Y" J’ 

F's HH’ is the first focal distunce of the lens; H' b>" =F" is its 
mond focal distance, 

The similar triangles, g” 8’ Y’ and ¢” 8" Y’, give— 

- giy 


* 
ee gy’ 
the triangles @” H” J" and ©” S° Y"— 


wae _ u's" 
war sy* 


and, since S'Y’=H" J", 
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If we designate H” S” by i”, 
So =F -k" 
8'4'=8' 4" -8'8"= f"-6, 
hence 
| ae 7 
For fine 


Substituting for A”, in this formula, its value in 120, we obtain 
for the second focal distance— 


rere 
a ag i 


By an analogous construction and similar calculations the ex- 
pression of the first focal distance of the lens is obtained : 
Site ae 
Pe Je ..... Wb 
Ai+hi-4 
‘Now, from the values that we have indicated for the focal 
distances of the two surfaces, it results that 


NAAR 
=F. 


hence 


That is to say, that the two principal focal distances of a lens, placed 
ina single medium, are equal, whatever be the radii of curvature of the 
surfaces. It should, however, be remembered that they are not 
reckoned from the same point, and that the principal point of the 
more convex surface is nearer to this surface than that of the less 
convex surface is to the latter. For thin lenses this difference may, 
however, be disregarded. 


Optical Centre of the Biconvex Lens. 


Let us draw through the centres of curvature, C’ and C” (Fig. 23), of 
the two surfaces of the lens, two parallel rays, C’J’ and C’J”. The 
planes tangent to the refractive surfaces at J’ and J” are parallel, since 
they are perpendicular to the parallel rays C’J’ and C’J". Hence, if 
the ray C’J’ meet the first surface at such an angle that it follows 
J’ 3” in entering, the corresponding emergent ray J” U will be parallel 
to the incident ray, for the ray will thus have passed through a 
refractive medium limited by parallel surfaces. 

Connecting J’ and J”, we find upon the optic axis the point 0, 
which is called the optical centre. 
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The position of the point O resulta from the similarity of the 
triangles C’J’S’ and 0’ J" 8", and of the triangles OS'J’ and OS"J": 





cs sv 
or sr 
sv) 08! 
yr os 
os_y 

or 
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Tn a lens surrounded by a single medium, the radius of the first 
surface i to that of the second as the second focal distance of the 
first is to the first focal distance of the second. Hence we may 
write— 

os ty 
ate Fe, 





‘This ix equivalent to aying that, in order to find the point O, the 
thickness of the lens must be divided into two parts, which will be to 
each other as the radii of the corresponding surfaces. Hence O is 
midvay between tho two surfaces of the lens, when they are of equal 
curvature, and nearer the more convex surface when they differ in 
curvature. 

Brery incitlent ray, refracted by the first surface in such a way as to 
poss through the optical contre, emerges from the system in a direction 
parallel to ils primitive one, 


‘Moreover K’ is aleo the image of K*. 
On the other hand, we have seen that the ine 
was directed toward K’, leaves the lene in a dit 
primitive one, and as if it came from K". The points 
spond, therefore, to the definition we have given of node 
are, indeed, the nodal points of the lens. 
Inastnnch as they are the images of O, and the points 
ure likewise the images of O, it is proved that, for the 
by a single medium, the first nodal point coincides with the first 
point, and the second nodal with the second principal point, 





Conjugate Foci of the Biconvex Lens, 


Being thus ucquainted with the principal points and 
lens, it is easy to find the conjugate foci, as well as 
between the object and its image formed by the lens. 

Let H’ and H” (Fig. 24) be the principal or nodal 
lens; v and ¢° its principal foci, and L’ a luminous point 
the axis, 









To find its conjugate focus, let us draw a ray LJ’, 
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the focal plane at A and the first principal plane at J’. Draw J’J" 
parallel to the axis; J” is the point from which the my, after refmo- 
tion, appears to arise. 





Fw, 24. 


Suppose A to be a luminous point. One of the rays, emanating 
from it, is directed toward the first nodal point, H’, It would pass out 
of the system, remaining parallel to this direction, but appearing to 
come from H". 

The point A being situated in the focal plane, all riys emanating 
from it should, after refraction, be parallel to each other and to AH” 
AJ’ may be considered as one of these rays. Hence J" 1’, parallel to 
AW’, is the final direction of the ray, and 1”, on the nxis, the image 
of Li. 

The triangles L/H’J' and H"¢g’B; EL’ g"B and g’H’A are 
similar. 

Lat us call the focal distances (equal to each other! 











and we may say— 


f_Ad@ 

¥ BY 
and 

F_A¢ 

r Be 
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henee 
Lae 


sa 
eaRe ose Be 


or, again, substituting a—F for / and b—F for /” 


Vey Sy 
Fst ¢ oe ew 168 


Size of the Image furnished by the Biconver Lens, 


Let A'L’ (Fig, 25) be an object situated in a plane perpendicular 
to the axis, Its image will likewise be situated in a plane perpen- 
dicular to the axis. 









Fig. 25. 

In order to find the point where the rays emanating from A’ are 
focused, let us draw the line of direction AK’, The image should be 
situated on the line of direction K” N, parallel to A’ K’. d 

Another ray, given off from A, parallel to the axis, piereos the 
first principal plane at J’, the second at J”, and emerges following 
Jy’ P. The point A”, in which the two rays intersect each other, & 
therefore the image of A’. Erect the perpendicular, and A" L* will 
be the image of A’ L’. 

Again, the course taken by a third ray coming from A’, that which 
passes through the first focus ¢’, may easily be found, It meets the 
first principal plane at B’, the second at B”, and passes out of the 
lens, in a direction parallel to the axis, toward A”. 
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emanating from it are rendered convergent by the lens, and form 
therefore a real image to the right of the Intter, 

‘When it is in the principal plane, all mays coming from any point 
of the object are rendered perallel to ta coeapoadiae say Bateastaey 
















Between the focus and the lens, the object emits ray 
still divergent after having passed through the lens, am 
obtained only by supposing the mys to be pr 
Hence the image has the same direction as the object; 1 
real, it is wirtieal. 

PLANO-CONVEX Line. 

We aball pass more mpidly over the plano-epherieal Le 
menisci. ‘They are of less practical importance than tl 
Tenses. 

It. suffices, moreover, to point out the differences b 
and the latter in order to find readily the curdinal points, 
jugate foci, and the images which correspond to them. 

‘The optical centre, the first principal point and the first nodal 
all oceupy one and the same position at the summit (Fig. 26) of the: 
convex surface of the lens. 

The second principal point and second nodal point coincide at K. 
situated in the interior of the lens and determined by the equation 


8’ Kay =* 
n 





in which ¢ equals the thickness and » the index of refraction of the 
lens, 


‘THE CONVERGENT MENISCUS, 49 


‘The focal distances are positive and have for common value— 

F=j;'=focal distance of the convex surface = = 

The conjugate foci, as well as the relations of position and size 

between an object and ite image, are determined by the same formule 
as are used in the case of the biconvex lens, 

The construction is indicated by Fig. 26, and needs no explanation. 


‘Tre ConvencErT Meniscus, 
In the convergent meniscus the radius of the convex surface is 
shorter than that of the concave surface. 
The principal foci of the jirst surface S’ are real, and its focal 
distances, f;' and f,", are positive, 
The principal foci of the second surface $" are virtual, and its 
focal distances, f,’ and J,", negative, 





Fra, 27. 


The construction of the optical cenére, ax well as that of the principal 
points, which coincide with the nodal points, is indicated by Fig. 27. 

It is analogous to Fig, 23, The radii, C’J’ and C* J", of the two 
surfaces, are chosen parallel to each other. The optical centre O is 
found where the connecting line J’ J” ents the axis of the meniscus, 

Considering J’ J” as a luminous ray passing through the meniscus, 
we construct the incident ray TJ’ and the emergent ray J” U, which 
corresponds to it, according to the principle discussed on pages 42-43, 
They are parallel because the portions of the surfaces S’ and 8", 


* Gavarret, for, cit, py 01. 
b 
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and for the focal distances, which are again the same as for the convex 
lens— 


Pts ed ae actos nace i, APE 


Remembering that in these formule 7, /,", fy, and 7,” are negative, 
it will be sean that the formule 11 band 12d give povitire values; that 
is to say, that, agreeably to our supposition, the optical centre, as well as 
the principal (or nodal) points are situated in the interior of the lens, 

‘The formula 142, on the contrary, gives a negative value for F, 
This signifies that, although the principal focal distances of the lens 
are equal, the focus situated on the side from which the light comes 
must be regarded as the second focus, and the focus on the opposite 
side as the first, 

It seems unnecessary to give ampler explanations concerning the 
determination of the cardinal points of the biconcave lens, It would 
be but a repetition of the calculations and constructions of the 
biconvex lens. 


Conjugate Foct of the Biconcave Lens, 


Let ¢’ and ¢” (Fig. 28) be the foci, H’ and H” the principal points 
of the biconcave lens, and L’ a luminous point on its axis, 





Fro, 28, 


A ray given off from L/ passes through the first principal plane at 
D‘, and through the first focal plane at T. We draw the line D’D” 
parallel to the axis, and we know that the ray leaves the lens in the 
direction D* R, parallel to H’ T. 
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Prolonged backward, it crosses the axis at L’, which is the image 
of L’. Hence I’ and L” are conjugate foci. 

To find the relation between the distances of the conjugate foci, 
prolong RL” to the second focal plane, which it meets at B. BH" is 





Let us call L’ g'=? and 17 ¢"=F, Dividing the first equation by 
the second, we obtain— 





ton SP ri) 
or, introducing the distances, from the conjugate foci to the principal 
points — 





LU -?-F- 
and/L"H'=F-T =): 





Images furnished by the Biconcave Lens. 


Let A’ (Fig. 29) be « point not situated on the principal axis and 
belonging to the object A’ 1’. 


Fre, 29, 


The ray A’D’D", parallel to the axis, is directed toward N, when 
it passes out of the lens, as if it came from the second focus ¢". The 








——E——= 
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ray A’ RB’, directed toward the first focus ¢’, leaves the system in a 
direction parallel to the axis, and passes on toward P from the point 
BY, where it meets the first principal plane. A third ray A’ K’ continues 
its course, parallelly to this direction, as if it came from K". The three 


| mays, ‘backward, meet at A", where, accordingly, the virtual 
image of the point A’ is formed. 
Letting fall the perpendicular A" L', we obtain the virtual image 
A'L’ corresponding to the object A’ L’. 
For the size ¢ of the image, relatively to the size o of the object, 
we have— 
Hepes el 
Bl cee. toh 18k 
¢-0F ot 
Fi ge 7 
or 
toe 
o a 
Pee ee greg xs) ITD, 
@ 
‘Tue Praxo-Conoave Lens. 







| The optical centre, the first nodal point and the first principal point, 
coincide with the summit of the concave surface of the lens, 
‘The second nodal point Is situated in the interior of the lens, at a 
‘K", equal to ~ from the second surface. 
plane is identical with the concave surface ; the 
passes through the second nodal point K". 
are virtual. The focal distances are negative, 


ce, fy’ and /,", are positive, those of the 


optical centre and of the nodal points 


points) is indicated by Fig. 30. 
T and C7". 


© Gavarret, loc cit, p. 117. 
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prolonged to its intersection with the axis, gives the optical 
contre O. 





Fro. 80. 


The incident ray TJ’, prolonged, gives the first nodal point K’, and 
J’ R, parallel to TK’, gives the second nodal point K", 

None of these three points is in the interior of the meniscus, and 
all are situated to that side of it toward which its concave surface is 
turned. They are determined by the same formula as those of the 
biconvex and biconcave lenses (11,12, 13 and 14). However, taking 
into account the signs of /,', /,", fj and /,", the expression for— 








S'O = a, becomes positive ; 

8°O =, negative : 

SK’ = ¥, positive ; 

8" K* = A’, negative; 
and the principal foci, F, become negative. 

The conjugwte foci, as well as the relations of position and size of 

an object and of is image, are determined by the eame formule a8 in 
the case of the bie 








ncave lens. 





INFINITELY THIN LENSES, 

Infinitely thin lensos have for us a peculiar importance, Spectacle 
glasses may generally be considered as lenses of this kind. Henee 
we may properly devote a special chapter to a consideration of them, 
The formule for such lenses are much simpler than those for the 
ses that: we have heretofore studied. 





* Gavarret, foes eil., p. 119. 
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Tn the first pluce, the thickness of the glass being disreganted, the 
summits S‘ and $8" of the two surfaces, the principal and nodal points, 
and the optical centre, are all situated at the point where the principal 
axis passes throngh the lens. [tis from this one point that all distances 
and lengths are reckoned. In fact the expression ¢, for the thickness 
of the lens, does not appear in these formulm as in those which precede, 

Moreover, the infinitely thin lenses under consideration are sur- 
rounded by atmospheric air; hence the index of refraction of the first 
medium is 1, and we have to consider only the index of refraction » 
of the substance of which the lens is composed. 

‘The lens has an anterior and a posterior focus; but these are 
equidistant from the tnited surfaces, ‘Their common value is— 


Cael Sn Me 


‘Substituting for these values the index of refraction and the radii 
of curvature of the two surfaces, and taking into account the signs 
of r and r’, we obtain— 


Ee=D G2)’ 
ae et 
ap r 
Divergent menisens : F= — 7-7 
Tn most cases the two surfaces, of the biconvex and biconcave 
Tenses, have the same curvature, Hence =r" in the preceding 
formule for bispherical lenses. If we write r simply, the formule 
for the biconver lens becomes— 


r 
ose ia S . Oa 
and that for the biconcwve lens— 
5 | 
(#1) 


‘The formule for the conjugate fooi, which we have indicated above 
‘as serving to determine the place where the image of a point is 
formed, are the same, for infinitely thin, as for thick lenses. The 


i 





the bispherical lenses, of equal surfaces, 
by air, play so important a part in ophthi 
to give here the deduction of their formulas 
when, from the outact, the thickness of the len 













Devucrion oy Tux Formuna ror THE CoN 
Tyeinrrety Taw Convex 


Tt is well known that a prism generally 
according to their angles of incidence. But, 
angles, this difference of deviation may be di 
‘be udmitted that the deviation produced by such 
all incidental rays, at whatever inclination they mee 

Now biconvex lenses, whose thickness may be | 
‘be considered as prisms of small angles. 

Let AB (Fig, 31) be a lens of this kind: 

The ray L’ A undergoes the same deviation as 
is parallel with the axis. 
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The latter is deviated toward the focus ¢ Hence the incident 
and the refracted ray form an angle P Ap. 

LAL’, the angle of deviation of the ray L’ A, must be equal to 
the angle PA. The direction of the refracted ray AL” is therefore 
found by adding, above A ¢,an angle ¢ AL’ equal to the angle PA’. 





Fre, 31. 


Lt AB (Fig. 32) be a lens whose foci are ¢’ and ¢”. A ray PA, 
parallel to the axis, will be refracted toward the focus ¢”. In what 
lireetion is a ray, which arises from the point L’, deflected ? 

Construct the angle ¢" AL” equal to the angle L’AP, and mark 
Gpon the line PAG the distances AC and AD=A O=the semi- 
(iameter of the lens. 

From the points C and D let fall the perpendiculars C H and DN. 

The angles L’ A P and ¢" AL’ are equal and very small, 





Fro, 32, 


Moreover, the angle GAL" is so small that MN is almost per- 
fendieular to AL". Hence we may admit that 


CH=MN 


nd 
DN=DM+MN=DM+CH . + & 
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The triangles "AO and ADN are similar, because their sides 
are parallel. Hence— 
gO _AD 
40 DN 
Making AO equal to 1, and the focal distance of the lens equal to 
F, we obtain— 


hence 


The triangles L’AO and ADM are likewise similar, because 
their sides are parallel. Hence— 


Lo_AD 
XO DM 
Let us call the second conjugate focal distance L’O = a, and we 
shall have— 


Hence 
pu-=l, 
a 


From the similarity of the triangles, ACH and ALO, it results 
that— 





1 
CH= t 
Substituting for D N, DM, and CH their values in formula z, we 


obtain— 


lie 


Let us call L’¢’=1’, and L’ ¢’ =I", and write— 


a=l+F 
and 
bal +F, 
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Substituting these values in formula 15 ¢, we obtain— 
ea 
or 
| FF me . . 15d. 
rer 
ha eT oe eg equidistant from the lens, « 
becomes equal to 
Hence 1.2 
Fa 
a=2F, 
‘Let us suppose a luminous point to be situated at the anterior 
focus of the first surface of the lens. It will then be at a distance F” 
from the lens. 


A ray, from this luminous point, passes through the lens in a 
‘direction axis, and reaches the second surface, which 
presents its concavity to the ray. San ea ate 
deviation a3 


i 


an expression which we have already found (p. 55) in formula 20 a, 
Tf a biconyex lens be made of a kind of glass whose index of 
refraction is n=1°5, we have— 


y 
Fesirs-1y 
Fer 
‘That is to say, that in this case the focal distance is equal to the 
radius of curvature of one of the surfaces of the biconvex lens. 
For a= 1-792 (the heaviest flint glass), wo obtain F=0-631 7. 
For » = 1-664 (flint glass of medium density), F=0-753 r, 
For s =1°562 (gs in rock crystal), F =0'889 r, 
| For »=153, the average index of refmction of our spectacle 
glasses, F=()943 r. 
For #=1528 (Saint-Gobain glass), F =0-946 r, 
| For n=1°516, the index of refraction of crown glass of the least: 
| density, F=0-969 r. 





— 
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RELATIONS OF PosrrioN axb Sizk BETWEEN THE OBJECT AND ts 
IMAGE FORMED BY AN IspinireLy THis Convex Lexs, 


Let A’ (Fig, 33) be a point not situated upon the principal axis of | 
the lens, In order to find its image, it is necessary only to draw, from — 
A’, the may of direction, which passes, without deviation, 
the centre (0) of the lens, this centre representing both modal paints 
united. Another ray A’ B, parallel with the axis, passes, after 
refraction, through the focus 6”. The point A", where these two rays 
intersect, is the image of A’ 





Fis, 83, 







Let A’ 1’ be an object ; we have only to erect, upon the axis, 
perpendicular A” L’, and A” L” is the image of A’ Li 

If the question be to determine, by calculation, the size (#) of the 
imago relatively to that (0) of the object, we shall first deduce, by 
means of formula 5 ¢, the distance O L’=0, at which the image is 
formed. 

This having been ascertained, we have simply to draw the my 
of direction, and to let fall a vertical line from L", The point of 
intersection, of these two lines, gives the intersection point A” of the 
image. From the similar triangles L’ A" O and L’ A’O we then 
deduce— 


Considering that the triangles A’ L’ ¢’ and B’ O 9 are similar, and 
that A'L’=0; L'¢’=/'; OB'=L" A"=i and g’ O=F, we obtain— 
oF 








is 


| 


—————- 
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Here again, as well as in the case of « single refraction surface, 
the distances, from the object and the image to the dioptric system, 
are positive so long as they are on opposite sides of the system. 

When both are on the same side, either one or the othor is negative. 

The eame is true with regard to the object and the image, The 

| tmage is real and inverted, relatively to the object, as long as it is on 
the opposite side of the lens, because it is formed by the meeting of 
convergent rays. It is virtual, and has the same direction as the 
object when they are on the same side of the dioptric system. In this 
case the image is formed only by the mecting of the supposed pro- 
Jongations of rays, which in reality are divergent, 





Fo. 


Fig. 84 shows the construction of the image 1’ A” of an object 
situated between the focus g’ and the lens. 
After all that we have sid, this figure scarcely requires explanation. 





‘Tur Isvmtrety Tx Brcoxcave Lens. 


We have already said that, for the biconcave lons, the same 
formule are applicable as for the biconvex lens, F, however, is 


ive, 
Thus we have— 
a 
I(-1) 
Uf =F? (in which I’ is negative) 
ep eee 
ay eee ta 
1 mel ; 
Le ) 
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Logie 

“ETE Ss 

. ob 

i=oie 
=| We 


divergent after having passed through the lens, as if they came 
the second focus #", which is situated on the same side of the lens 
the origin of the incident mys, 


Fro. 36. 













It results, from formula 15¢, that b always has a negative val 
iwc, the image is always situated on the same side of the lens as the 
object. 

Moreover a and 6 increase and decrease together as the image and 
object approach the lens or recede from it 

Let the negative focal distance # O of the lens (Fig. 96) be equ 
to F=25 millimetres, Let the distance from a luminous point I’ to 
the lens, L’O, equal a=60 millimetres. We seek the distance of 
conjugate focus L’ O=b, and we write— 


1 
+o} 
1 1 
a> ~ (as +t 
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Hence } equals 17:6 millimetres, and the minus sign indicates 
that this length is on the same side of the lens with «. L” is the 
point from which all the rays given off from L/ seam to come, when 
they pass out of the lens. 

The same thing that happens in the case of L’, takes place as 
well in the case of a point not situated upon the optic axis, the paint 
A’ for instance. 

‘The rays emanating from it diverge, on passing out of the Jens, as 
if they came from a point A’, situated at a distance } in front of the 
lens, and upon the may of direction AON, which passes through the 
centre of the leus without undergoing any deflection, 

If A’T/ bean object, A” Lis its image. Being situated on the 
same side as the object, the image is therefore virtual, and has the 
same direction a3 the object, 





Fra. 36, 


As to the sizo of the object, it results from formula 17¢, in which 
« is always greater than }, and 7’ greater than F, that the virtual 
image is always smaller than its object. This is, moreover, an « priori 
conception: the concave lens rendering mys coming from any point 
more divergent, as if they came from a nearer object, the virtual 
image ought always to appear emaller than its object. 

Fig. 36 indicates the construction of the image for an infinitely 
thin concave Jens. The ray A’ON passes through the lens without 
deviation, because it passes through the optical centre. 

The ray A’B, parallel with the axis, passes out of the lens in a 
direction as if it came from the second focus, and is directed toward 








COMBINATION OF 





TPELY THIN 
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If to a convex lens we add a concave ono, the two, having opposite 
effects, partially neutralise each other, and, instead of adding their 
refractive powers, we have to subtract the one from the other. 

Suppose a convex or positive lens, having a focal distance of F’ 
millimetres, to be applied to a concave or negative Tens whose focal 
distance equals ¥" millimetres; we say— 

1 
¥ 





Thus a convex glass of 333 millimetres focal distance, combined 
with a concave one having a focal distance of 500 millimetres, will 
give— 

1 1 1 


a3 ~ 500 ~ * S97" 





nd 





That is, a convex glass whose focal distance is 9° 

consequently weaker than that of 338 millimetres 

If the concave lens be stronger—if it have, 
distance of 83 millimetres, we obtain— 

1 io ed 

' i383 CTT 


millimetres, 


instance, a focal 





The resultant lens is negative, It acts as a concave glass, having 


8 focal distance of 111 millimetres, 








Fu. 


When the glasses are not in immediate contact with each other, 
but are a certain distance apart, the resultant lens is evidently not the 
same ax in the preceding case, Their separation must, be taken into 
aecount. 

Let us take two lenses, A’ A’ and B’ BY (Fig 

The former has a focal distance AN =I"; the second, a focal dis- 


=— 


ig. 87), 
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tance F". The perallel rays coming from the left would be refracted, 
by the lens A’ A’ alone, towurd its fooms N. At a distance A Bae 
behind this lens, strike the lens BY BY 

Up to this ¢ till converged towand N; this point: is, however, 
mger separated from B by the distance F’, but by F’—«. 
The convergence of the rays is not expressed by g&, but by 
ta certain distance, ¢, from B’ BY, it is as if we 
BBY, another one having a refmctive power 


gives, consequently, the sum— 














A'AT being placed 
had added, to the 


Fr— 2nd the combination of th 











20 





Let us ay 






suppose F’ equal to 333 millimetres, and F" to 250 
millimetre t, instead of bringing the two lenses in contact with 
each other, let us sepamte them by a distance, ¢, of 133 millimetres, 
we shall then have, for the resultant lens— 











a 





apt 











nalogous to this is produced when a convex is com 
bined with a concave lens, 


Fie 






Let AA’ (EF ) be a convex lens having @ foes) distance of 
+F, and B’B' a concave lens with a focal distance of —F*. 
They are separated by the space ¢ 





Hence we have, s0 to say, combined a convex Tens with a 
1 od 
=. Fx 
¥F -333" 
F=a3"" 
e=-h3™ 


Letting 


we shall have— : : i 
‘383-193 83 42! 
‘that is to say, the combination of the two lenses is equivalent to a 
single concave lens, Jens, having a negative focal distance of 142 milli- 
‘metres In other wonls, the mays, parallel before reaching the lens 
SURES ees ial as if they came 
from a point situated 142 millimetres behind it. 
Te will at once bo seen that, with two lenses of this kind, the 


concave lens having a focal distance of 


they are brought into contact, we have 


fier 31 
60" ~ 100" 
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and so forth for the rays which come from the side of the conver 
glass. 

Thus the parallel rays have at first been rendered divergent ; then, 
on separating the glasses, we have gradually diminished the divergence 
until it became entirely annulled at the instant when the lenses 
neutralised each other. Continuing to withdraw the convex lens, the 
rays become more and more convergent. 

Giving the desired values to the several terms of the formula 2]— 


ite me 
Fre FX’ 





all possible kinds of Galilean telescopes and optometers may be pro- 
duced. The division, of the instrument, which indicates the separation, 
of the two glasses, requisite to produce a given direction of the 
divergent ray, is obtained by calculating e by means of this formula 21. 
When the mays come from the side of the concave lens, the 
formula is necessarily changed. Thus, in the preceding example 
(+F’=100; —¥”=50; e=80) we should have obtained— 
pee nee 
100 50+80 433 


Nemnertna SPECTACLE GLasses—THE MEASURE OF REFRACTION IX 
Practice—TueE Diortry. 


Spectacle glasses are, as we have said, lenses which may be con- 
sidered as infinitely thin, ic, the thickness of which may be dis- 
regarded. Having already discussed their action, let us now trest 
briefly of the principle according to which they are designated—the 
numbering of spectacle glasses. 

Experience, extending over centuries, has taught which lenses we 
need oftenest as spectacle glasses. These are the ones ordinarily con- 
tained in our trial cases. It is of very exceptional occurrence that 
an eye demands a number stronger than is to be found in our cases, 
and jit is never necessary to go below the weakest lens, These 
glasses are manufactured in large quantities, and are so chosen as t0 
be easy to designate. 





The Old System of Numbering Spectacle Glasses. 


The numbers of glasses, according to the old system, indicate, in 
‘inches, the radius of curvature of the surface, or surfaces, of the lens. 
Generally, but not always, the lenses we use are bispherical. 
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The English inch = 25:40 millimetres. 

The Prussian ,, = 26-15 ry 

The Austrian ,, = 26:34 ry 

The Paris = ,, = 2707 » &e. 

It would be easy to cite 20 or 30 more inches of different length. 

This is a source of notable errors, especially when we are dealing 
with problems in physiological optics. 

But the old system has still another disadvantage. In practice 
we have much more to do with refractive powers than with focal 
distances. These two properties are inversely proportional. A lens 
is stronger in proportion as its focal distance is shorter; the greater 
the focal distance, the weaker is the lens. A lens of 4” focal distance 
(F) has a refractive power (d) of 2, since 





In the same way, the focal distance is the inverse of the refractive 
power: 





The lenses usually employed in ophthalmological practice vary 
from 2” to 80” in focal distance. Hence their refractive powers vary 
1 
bo" 
lenses to or from each other, to or from the refraction of the eye, 
becomes an addition or subtraction of fractions, which is a rather com- 
plicated calculation for practical use. 


from } to 2. Accordingly the simplest addition or subtraction of 


For instance, let us take an eye whose punctum remotum is situated at 1 
distance of 42°: Its range of accommodation may equal 7, corresponding 
to tho age. What glass docs it need in order to see at 8°? We say that 
the eye in question has a myopia of }. Adding to this the increase in 
refraction, of which the eye, by virtue of its accommodation, is susceptible 


and it represents 44 = 13. In onler to soe at 8" it needs refractive 
1 . aan 1) Ay i 
power of 3. Henev the eye in our example demands 2 _ 1, _ 1. of 


refractive power in order to sve at §",—i.c., a convex glass having a focal 
distance of 33”-6. 

However simple this calculation may be, it would be still too complicated 
to be carried out mentally in the short time of a consultation, where we hare 
so many other questions to answer. But if we content ourselves with seek- 
ing empirically the glass that adapts the eye to the given distance withowt 
taking into account whether or not it corresponds to the one called for by 






















the pationt’s age, we loeo much time, and many of the most significant 
alterations of accommodation escape our notice. 
‘We mect with such cases, and even more complicated anes, every day, in 


All these inconveniences have been done away with by “the new 
| system of numbering spectacle glass." The principle of the new 
__ system of numbering epectacle glasses is the introduction of the METRE 
tn measuring the focal distances, and the designation of the lens by ite 
“REFRACTIVE POWKIL. 

First of all, we no longer concern ourselves with the radins of 
‘curvature, but with the refractive power of the lens. We require the 
optician to furnish us lenses of certain powers or focal distances, It 
‘mattors little to us whether they have a greater or less radius, or 9 
higher or lower index of refraction, provided they have the required 


‘Moreover, we do not measure the focal distance in inches, but with 
‘Tie metee.* The majority of lenses that we use having focal dis- 
‘tances of leas than a metre, this focal distance (F) becomes a fraction 
_ of the unit, and its converse, the refractive power (d), a whole number, 
‘Thus a lens having a focal distance of half a metre (F="j-) has a 
“mfmictive power of f= 25 (= }). 

A leas of £2 focal distance has += 3 units of refrnctive power. 
‘These whole numbers 2, 3, 4, &c., which are the converses of the 
‘focal distances (fractions of a metre), represent refractive powers, and 
“are the sompess of the new syetem. It is found, indeod, that in 

riding the metre successively by the fractions }, }, 4, 3, $$ 4, &e,, 
fap tosh, values of focal istanoos are obtained which meat, satis. 
fhetorily, the exigencies of practice. They give, for the refractive 
p a series of whole numbers—1, 2, 3, 4, 5, &c., up to 20. 

Indeed, just as the focal distances are fractions of the metre, 30 
the uumbers which express the refmctive powers are multiples of the 
, Which has a focal distance of one metre, 

wenn 

de cak 
"rhs laos rprenents the unit of the new system, the unit of measure 
fraction. Naget has given it the name “ Meterlinse" (metre-/ens) 

‘This n ‘is well chosen, since it embodies the definition of 
iseryos to designate, and ronders further explanation of 
sr 40 mote that we measure with THK soerKe, and not with the 
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Hence 
4 = 25 + b (in which case / equals a number of dioptries) 
b = 4 - 25 = 1-5 D, the focal distance of which is = 66 cm. 


Ina general way, in the system of dioptries, the formula 








jee: eae 
F°ATS 
becomes ce 
FU(AtB 


or, if we designate by f, a, and } the number of dioptries corresponding toa 
given length— 
foath 

This second method of calculating is not always simpler than the fire, 
but the dioptric system having once been adopted, the question will take a 
different form ; one will not generally speak of a lens of such and such 
focal distance, but of a certain refractive power, and it will be asked where 
the image of a point, situated 40 centimetres from a lens of 4 dioptries 
may be formed? 

‘The problem, stated in these terms, may be solved in two ways. Wemy 
calculate the focal distance corresponding to the number of dioptries of o 
lens, and apply the formula in its classical form ; or we may calculate the 


number of dioptries corresponding to the distance of the object (140-252), 


and apply the modified formula, In this way we obtain a number of 
dioptries whose focal distance will be the distance of the image from the 
lens. For each case, as it arises, one may choose the simpler method. 


Relation between the Old and New Systems of numbering Lenses. 


The unit of the new system—the dioptry—has a focal distance of 
one metre. One metre equals 39°3708 English inches. Hence— 





1 dioptry is equivalent to 57, 
. 2 
2 di <2 
2dioptries are, ga ae 
3 
Ph ott » SHS", &e. 
Inversely, a lens of 6” focal distance, having js of refractive power, 


represents a number of dioptries equal to the number of times 


is contained in } ; 
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unit of the new system would not be the metre, but the centimetre or 
millimetre. 

The fractions, corresponding to the refractive powers, would then 
become scarcely manageable, and such calculations as we are obliged 
to perform every day in practice would be just as much more com- 
plicated in the new than in the old system, as the centimetre or 
millimetre is less than the inch. 





























TABLE I. 
| 1 
i OLD SYSTEM. NEW SYSTEM. 1 
L IL mm Iv. v. vi vi. | vi 
F, Na 
NoetQa| pietten in| vee | soaP aes [SONS | Fee | Foc | Tapas | 
in tance tn a nce in| Distance in | Old 
pam | PaO) pee | | ten” pase] tn | am 
nals, ! antes. 
= <= ir 2 eee 
72 38 il 4000 
60 0695 | 2000 
48 O87 1333 
42 0-99 1000 
36 1:16 800 
30 1°39 666 ' 
an is 571 | 
20 2-08 500 
18 231 , ae 
16 6 400 
15 279 333, 
u |, 2-98 | 286 
13 320 | | 250 
2 348 222 
rt 3:82 200 
10 418 182 
9 4°63 166 
8 525, 143 
7 596 125 ; 
6h 6-42 m1 
6 70 100 
54 737} 91 
5 84 83 
44 a4 7 
4 104 7 
3 119 67 
3h 27 | 62 
3 wo | 58 
2 15-1 55 
2 wi | 50 
2 187 | 
2 20:04 























When one becomes thoroughly conversant with the system of 
dioptries, it is easy to answer all the objections that have been made 
to it. It has, moreover, itself refuted them in the most effective way, 
by the services it has rendered to ophthalmological practice. 











PRINCIPAL POINTS AND PLANES OF THE EYE 81 


and 


Whence 








¥to. 39. 


Tet us consider A N’as equal toe. This is a known value; it is— 
¢=AA’+A'D 36 + 212597 = 5°72597 millimetres. 
We have, moreover— 











N O=2-A0=572597 ~ 


789 = 354698 = 


= 
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the crystalline, hence A A”—N" A" =AN", te, 72 — 12756 = 59244 
millimetres behind the cornea, 
For the situation of the second principal point (H") of tho eye, we 
write— 
AH" =A N° -W" N"=5-9244-3-8143 = 21101 ™™ 


Hence the second principal point of the eye 8 21101 millimetres 
behind the anterior surface of the cornea, 

The two principal points are, therefore, situated in front of the 
crystalline, in the anterior chamber; and the distance between 
them is— 

H’ H’=A HY -A H’=2:1101 —- 17532 =0-3569 ™ 


TiE£—Parscrrat, Focan Distances or THE Eves, 


Tet H’ and H” (Fig. 40) be the principal points of the eye, N’ 
and N" the principal points of the crystalline, 





Fro, 40. 





Amy coming from Q, parallel to the axis, mects the first surface 
at J, and is deviated toward ita second focus a”, This ray meots the 
first principal plane of the crystalline at C’, C’ ©" being parallel 
with the axis, we have, in ©’, one point in the path of the ray, after 
its refraction by the crystalline. 

Another point in this path is given by D” of the second principal 
plane of the optical system of the eye. Drawing a straight line 
through D” and ©", we find the point $° of the axis, at which all rays 
parallel to the axis are focused,—in short, the second focus of the com- 
pound system—the eye. 

Hence H’ =F” is the second principal focal distance uf the eye. 
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In onder to find the formula for it, let us employ the similar 
triangles a” J A and a” C* DH’ and $C" N", and beer in 
mind that J A=D" H"; 0’ N°=C’ N’; A N’=e, ond H” N= 

ey 
rye 

We shall obtain— 











whence 





In figures, this equation reads— 
— 3109502506168 _ an.wigg om 
= sr0050+ 506188670507 
This is the SkOOND PRINCIPAL FOCAL DISTANCK OF THE EYE. 

Since H” is 2-1101 millimetres behind the cornea (A), the second 
principal focus of the eye is situated A H" +H" ¢’=21101 420-7136 
=22'8237 millimetres behind the cornea, This number represents 
the length of the emmetropic eye. 
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An analogous construction gives the formula for the first principal 
focal distance of the eye, H’ #’ =F" (Fig. 41), | 
‘The first focus is the point at which all rays, that were parallel in 
the interior of the eye, are united, Lot Q’C be one of these raya It | 
meets the second principal plane of the crystalline at O%, the frat 

principal plane at C’, and would intersect the axis at 0’, the first focus 
of the crystalline, if it were not deviated, at J, by the cornea, ‘The | 
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Now the triangles  K"H and H’ g” 0" are equal, because E g'= 
©" H’,and all their angles are equal, being the included angles formed 
by parallel lines; hence ¢’ K'=H1" 4", 





Fro, 42. 


‘We call g' K’ equal to G’, and H” ¢” equal to F”. 
We have then— 


(OF i pee SRD ge er On 
Erecting at g” the vertical g”N, we obtain two other equal 
triangles, EO’ D’ and K” yg” N, from which it results that EC'=9"H’ 
=K" 9” or 
MemeGen Su cuats sa any ASR 
Finally, K/K” and D’D” are equal, being opposite sides of a 
parallelogram, And, since D' D" =H’ H”, we haye— 
RiR’eWH... 2s ss We 
Subtracting F, from each member of the equation LV. «, we obtain— 
G-F=F-F, 








Now 
@’-F=H'k’ 
or 
HK «F-F, 
By an analogous operation we deduce from IV. b— 
F-G«F 
or 
F’-G=H'K’, 
or 


WK"=F" -F. 
Hence H’ K’, the distance between the first principal point and the 
first nodal paint, and H” K", the distance between the second principal 
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We have thus found all the cardinal points of the average or 
schematic eyo, and can add, to the anatomical, the physiological table 
of the optical constants of the oye, 

Taking as starting-point the anterior surface of the cornea (A, Fig. 
48) we find— 


The Cardinal Prints of the Bye. 





The first principal focus, ¢’, is situated A g’=197451 millimetres 
in front of the cornea, The other points are behind the cornea : 





The first principal point, H’by AH'=. 0. 1-732" 
‘The eccand principal point, H” by AF eS tC) 
The difference, H'H"=K'K"is, =... 3069™ 
The first nodal point, K’by AK'= . . Ss 6.9685" 


Tho second nodal point, K” by AK"= . 
‘The second principal focus, $° by Af" = 





‘These values are shown in Figure 43, but three times as great as 
in nature, 


V.—CoxsvGate Foct or tHe Eve. 


After having determined the cardinal points of the composite 
system, it still remains for ua to find the formula of the conjugate foci. 
In other words, being given a luminous point, we endeavour to find 
where the image of it, furnished by the dioptric system of the eye, is 
formed. 





Fi. 44. 


‘This problem is easy of solution, We have only to bear in mind 
the properties of the cardinal points and planes, and we may without 
difficulty follow the luminous mys, given off from the object-points, 
through the dioptric system to their destinations. 
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Finally, subtracting F’ from each member of the equation given 
for 7’, we obtain, furthermore— 


tre¥F) 


PFE}. +2. We 
T= > 

It will be observed that these formule are identical with those 
furnished by a single refracting surface (formule 8 @ and 7 ¢, p. 
The only difference exists in the absolute values of the lengths, whi 
are not reckoned here from a single point, H or K, but from two 
points, H’ and H”, or K’ and K", 


VI—Stze oF THe IMAGE FURNISIIED BY THE Eve oR BY ANY 
oT COMPOUND S¥sTEM, 


In order to ascertain the size of the image corresponding to an 
object A’L’, let us seck the spot where the image of the point A’ 
(Fig. 45) is formed. 

We firet draw the ray A’J’J” parallel with the axis, and whieh, 
after having passed through the system, is directed toward the second 
principal focus g". 

The image of .A’ is found at that point in which the ray J” g” A* 
meets the perpendicular let fall from L’. This ia at the point A™ 
Hence A” L” is the image of A’L’. 











Pia. 45, 


We may find the point A’ in still another way,—thab is, by using 
the ray which, before entering the system, passes through the first 
focus ¢’. After leaving the point h’, in which it meets the first prin- 
cipal plane, it is parallel to the principal axis, and is also directed 
toward A*. 
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The simplest method of finding the image of an object, and the 
one oftenest employed when the place, where the image is formed, is 
already known, is to draw the rays of direction from the point A’ 
through the nodal points’ The ray A’ K’, which, before entering the 
system, is directed toward the first nodal point, is parallel to this 
direction in the last medium, and continues its course as if it came 
from the second nodal point, Hence K” A” is parallel with A’ K’, 
and indicates, at its point of intersection with the vertical H” A”, the 
image A’, of A’. 

‘A formula, giving the size of the image, results from the similarity 
of the triangles A’ L’ K’ and A” L" K" (Mig, 45). 

Letting i represent the size of the image, and o that of the object, 


‘we obtain— 
i_UK ys 
°K | 
eet ne se VER 


‘The similar triangles A’ L' ¢’ and HA’ ¢’ give us another formula 
for the size of the image, if we consider that H’h’=L’ A’=i: 
| jets 
| nal 


Again, from the similarity of the triangles L’ A” ¢" and H" J" ¢", 
it reaults that— 







e, relating to the size of the image furnished 
seftactive surfaces, are still like those which we 
surface: 9a, 9d, and 9¢ (p. 25), or for a lens, 


example : 

t, A’ L’ (Figs. 44 and 45) to be 100 millimetres 
point of the eye, and three millimetres in 
‘image be formed ? 


‘The forntula V.« shows us that— 


oF 
Sm poy 
ais 249 





a 
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Negative Conjugate Focus—Convergent Incident Rays. 


The luminous rays which enter the eye are not always divergent, 
as we have supposed them to be in the preceding example. 

They are sometimes convergent ; as, for instance, when, under 
certain circumstances, they have passed through a convex lens. 

In this case the rays do not come from a luminous point (L/) 
situated in front of the system, but converge toward a virtual point 
(—L) situated behind the system, to the right in our example. The 
object is then on the same side as the image. 

The object is virtual, and all the distances (/", g’, and I’), which 
indicate its relations with the cardinal points, become negative, 

We have only to introduce them with this sign (minus) in our 
formuls, to be able to use them as well as in the case of a positive 
luminous point, ée., for divergent mays. 
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Figure 46 renders apparent the construction of the course of the 
rays which converge toward the point L’ on entering the system. 

The plain line indicates the manner of finding the point L”, the 
image ot L’; J’ 3” is parallel to the axis and J” 1” is parallel to TK’, 

‘The triangles 1/ H" J” and K’ ¢' T are similar, 

Hence we bave— 








oe 
yy ¢T 
From the similar triangles L’ HW’ J’ and L’ 4” M we deduce— 


f f-rEr 
ry FM 





HJ =H" 
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Dividing the first formula by the second, we obtain— 
iat a 
f ¢T(s-HW-F) 
The triangles L’ ¢” M and L’ ¢’ T are also similar, and give us 
the equation— 





whence 





The substitution of this expression for ¢” M in the formula 
for f; and the replacement of K’ #' by F* give— 

£/F. 

f Ft 


whence 


VUL a 











VIL 8. 
i) 
Again, adding +F’ to the formula for f’— 
tr=FPF 
VIL « 
in which 
tap LafeF 
reg l-F-s. 


For the size of the image, we have the constructions indicated by 
Figure 47. 

Let A’ L’ be the virtual object, i, the image which would be 
formed if the convergent rays reached their focus without encounter- 
ing the system. 

If the place, L’, where the image of L’ is formed, be known, it is 
necessary only to erect a vertical from this point and the point A’, 
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where this vertical intersects the line K" N, which is parallel with the 
tay of direction A’ K’, corresponds to the image of A’, 





Fre. 47. 


Hence L” A” is the image of I’ A’, and we have for its size the 
following equation, which results from the similarity of the triangles 
L” A" K? and LA’ K’ — 


eae 
BN satis ad ace «tka 
inf 

v 


Again, we may use the ray which is directed from ¢ toward A’, and 
which meets the first principal plane at P’. It is parallel with the 
axis in the interior of the system, and meets the line K" N, as well as 
the porpendicular erected upon the axis from L’, at A”, 


The similar triangles H’ P’ g' and L’ A’ g’ give— 





Finally, the ray J” A’, parallel to the axis, would, after having 
entered the system and passed through the second principal plane at 
a”, be directed toward the second focus ¢”. It also meets the line 
K’N at A’, and wo have a third pair of similar triangles, L’ A" ¢” and 
H’ J” ¢’, from which we derive. 





ead 
oe 
: cee hee: 
ps 
F 
G 
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at once a single one, reduced to a single spherical surface, which 
separates the air from a more refractive medium, 

‘The union of the principal points (H) corresponds to the summit 
of the surface, and the union of the two nodal points (KX) to the centre 
of curvature of the surface. 

‘These two points play the same rdle, in tho simple system, as the 
four cardinal points in the compound aystem (see Figures 17, 15, 
44, and 45). 

Acconling to the choice of the radius of curvature, H K=r, and 
of the index of refraction xn, of the system, any desired absolute or 
relative values may be given to the focal distances F’ and F’. 

We have only to bear in mind the relations which exist between 
these values for a surface separating the air (whose index of refraction 
is 1) from a medium having an index of refraction x : 











and 





This reduction was made, for the ey y Listing, upon the basis of 
lis schematic eye.* The two foci retain their positions. He places 
the single principal point between the two principal points, and the 
single nodal point between the two nodal points, of the schematiceye, 











Fro. 48. 


so that the mtio between the focal distances, or, what is the same 
thing, the ratio of the index of refraction of the first medium to that 
of the last medium, remains the same, 

Thus the principal point of Listir e is 23448 milli- 


* Listing, Dioptrit sles Auger, in Wagnor's Handwirterbuch der Physiclogie, iv., 473, 
trl Helmbotia, Mandboch der phyeiologiechen Optil, js 60; Donders, Anomatier of Aec. 
wend Ref, 15 





reduced 
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will give the length of the ametropic eye, whose grunctum remotwm in 
situated a distance of /” from the cornea. 


g will correspond to the distance from the punctwn remotum to 
the nodal point; 
g” to the distance from the nodal point to the retina of the 


oye. 

As long as f and g have positive values, iz. while the object is 
situated in front of the eye, and we are dealing with divergent rays, 
7 and g” will be greater than F” and G”. This is the case in myopia. 

If f and g’ have negative values, i, if they be situated on the 
same side of the refractive system as the image, the rays with which 
we have to deal in this case, will be convergent; f” and g” become 
Jess than F° and G". This is the case in hyperopia. 

In short, {’ corresponds to the distance from the luminous point 
to the first focus, f/—F’ ; 

# to the distance from the image to the second focus, /”— F", 
Hence this 2” gives also the difference in length between the ametropic 
and the emmetropie eye. 

Iff" be greater than F”, ng in myopia, t” is positive, and the eye 
is longer than in emmetropia, If f” be shorter than F’,as in hyperopia, 
2 becomes negative,—i-,, the eye is shorter than in emmetropia, 

Bearing in mind how the reduced eyo originated, it will be easily 
understood that the refracting surface, which, for simplicity’s sake, we 
call “the cornea of the reduced eye,” is not identical with the cornea 
of the real eye. Tt corresponds to a plane situated about 25 milli- 
metres behind the cornea. 

For the size of images it will be seen, according to formula 9 a— 


i=, 


object and the same distance from the latter to the eye, the size of 
the image is proportional to 4’, i.e, to the distance from the single 
nodal point of the reduced eye (from the second nodal point of the 
achernatic eye) to the place where the image is formed. 

In emmetropia g’=G"=15 millimetres for the reduced eye, and 
155025 millimetresin Helmholtz’s schematic eye, Hence the retinal 
image is necessarily smaller in the first case than in the second. The 

between them is as 15 is to 15°5025=1:1-0335, It is by 
this number, therefore, that the size of the retinal image of the 
emmetropic reduced eye must be multiplicd im order to obtain its 
actual size, 

As to the value of 7", tho difference in length between the ommo- 





fe 4 





———— 














THE ARTIFICIAL EYE. 103 
SIDES aoe snl ae the length of the eye 


cape the g” of an axially myopic eye with the g” of an 
eye myopic by increase of curvature, we obtain the difference in size 
between the retinal images received by these two eyes. 

‘This difference is the same as that which exists between a myopic 
‘eye, adapted to near objecta in consequence of an excessive length of 
its axis, and an emmetropic eyo adapted to the same distance by an 
effort of its accommodation. 

ees ercene pera ti eealcn of iryatcra naceay to 


produce a curval hyperopia of 4 dioptries =; — 


In this case 7° is negative, and the formula for the radius of 
eurvature beeomes— 


r 


= 1), 
res 


I Ct Toes 
= 250 x 20 «0333. = 5315 ™ ; 
*~ 950% 1-333 20 


hence 
f= 20-r—14-685™ 
¥ and F’ remain the same as in the preceding case. 
here the g” of the axially hyporopic eye with that of 

the curval hyperopia, the latter is found to be the greater, Hence the 
retinal image must be larger in the latter case than in the former, 

An exataple of curvature-hyperopia is furnished by an eye which, 
hitherto ommotropic, is deprived of its crystalline. It finds itself, 
thon, with rogand to the size of retinal images, in better circumstances 
‘than another eye, hyperopic in the same degree, but whose hyperopia 
is due to a defect in the length of its axia. 


‘Tue AnrimiciaL Eve. 


Tn the year 1875, I constructed an artisicial eye whose proportions 
correspond exactly to the data of Donders’ reduced eye. 

- The reader will now understand the signification and value of this 
little instrnment, Being baved upon Donders’ reduced eye, which is 
itself only the classical simplification of the real eye, our artificial eye 
serves for the experimental solution of problems in physiological 
optics, The formule which ars the basis of our knowledge of the 
refraction and accommodation of the eye, may, with its assistance, 
‘be verified; but it even answers, without formulm or construction, 

fant questions on this subject. It demonstrates how, 
» an emmetropic eye may be made axially 











COMBINATION OF THE EYE AND A LESS, 105 


focal length of just 20 millimetres —i.e, that the image of an object, 
situated at least 6 metres away, should be formed with perfect dis- 
tinctness upon the posterior surface of the artificial retina, when this 
is 20 millimetres distant from the summit of the cornea, From this 
position it must be possible to shorten or lengthen the eye 3 milli- 
inetres, which will give an axial hypermetropia or myopia of 10 
fioptri 


In the first case, the retinal image of the distant object is clearest 
when a convex glass of 10 dioptries is placed 10 millimetres in front 
of the cornea; in the second case (myopia), the image is most distinct 
when « concave glass of 10 dioptries is placed at the same distance. 

Each artificial eye should be accompanied by a pamphlet con- 
taining a description, and several examples, of its workings. 

‘Listing was the first, though not the only one, to propose a reduced eye, 

Tn 1877, Stammoshaus, in a very valuablo work, proposed to make the 
summit (H), of the refructive surface of the reduced eys, correspond to the 
wecond principal point, and ite nodal point to the second nodal point of the 
schematic 


oye. 

‘The radius of curvature, in the reduced eye suggested by him, equals 
52152 millimetres, and the index of refraction is 1°3365 (as for the aqueous 
homor and the vitreous body) ‘The first focal distance ia 15:4983 milli- 
metros, the second 207135 millimetres, 

‘Ho thus obtains, for tho size of rotinal imagos, values which more nearly 
‘correspond to the actual values. 

‘The distance g”, from the image to tho second nodal point, being much 
‘ese than that (y’) from the object to the first nodul point, differences in the 
former of these distances influence the size of the image more than differ- 
ences ing, 

Tn 1879, von Hamner (Dav mitilere Auge) proposed still another reduced 
‘eye. Tn onler to assimilate more closely the values of the radius of curva- 
See ree ets teed bis sotoond eye upon the ratio 

25, te, F=225 millimetres, the length of his reduced on a state of 


ee; Fe15 millimetres, the index of refmetion is 25 = 3 =the 
index of refmetion for glass ; Pani sait ar cccvsiars seve 255 -16 
= 75 millimetre Honco G' is, in von Husnor’s reduced eye, ns in that of 
Donders, equal to 15 millimetres. 


Commarion or THe Eve anp A Lens. 


It very often happens that the luminous mys do not enter the eye 
direetly, but after having passed through a lens, ‘The optical constants 
etieciaa a} longer euffice in this case for ascertaining the 

‘of rays, or, in other words, for detormining either the 





\ 





to that of another, or of those of two au 

Jn this case the problem is much simpler. 
the reduced eye with a single surface, and 
infinitely thin, 

‘Tho formulw for determining the optical o 
system of this kind are always those (11, 12, 1 

given, 

It is only with a view to saving the reader the 
to them elsewhere that we repeat thom, with an 
here. Ho will, perhaps, often wish to use them bert 
the influence of spectacle glasses upon the size of 
The lens has, then, a single principal or nodal 
centre (a). 

Let F be its focal distance, 

Let ¢ be the distance @ between the principal point 
system (the lens) and that of the second (the eye). 

In the eye we call— 

a, the principal point=the summit of the refractiy 

K, the nodal point=the centre of curvature of the 
surface ; 

#’, the first foous ; 

¢’, the second foeus ; 

F=aq, the first principal focal distance ; 

F’=a 9’, the second principal focal distance, 

2 Compare Heluihelts, Handbuch der phyriologivchen Optity po 5 

te and 11 f. 
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Tn the compound system (the lens and eye together) we call— 
A’, the first principal point ; 
A’, the second principal point; 
t’, the first focus ; 
t", the second focus ; 
fF =W'¢, the first principal focal distance = i’ t” = 7/ 
HF" = At’, the second principal focal distance = 
K, the first nodal point ; 
¥,, the second nodal point, 








Fra, 49. 


We know the optical constants of each of these two systems, 
The following arc the formule which serve to determine the 
optical constants of the compound system + 





+F-0" 


‘The location of the points # and & results from the fact that 
ROHR RHF ond EK SW 
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I-STATIC REFRACTION OF THE BYE. 
T—DIOPTRIC APPARATUS OF THE EYE, 


The cornea, the aqurovs Humor, the Lens, and the virrrous 
Bopy form the dioptric apparatus of the eye. 

This optical system consists, then, of the transparent media of the 
eye, and the refracting surfaces which separate them from the air and 
from cach other, 

At the beginning of this work we have explained what influence 
refracting surfaces of this kind exercise upon light which passes through 
them. We have scen that rays diverging from a luminous point are 
thus rendered less divergent, sometimes even convergent, a0 that they 
become reunited, and form behind their surface an image of the point, 
Since this happens with all points of which an object consists, such a 
dioptric system can produce an image of the whole object where the 
Juminous rays mect, 

We have, moreover, seen that the optical action of such an 
apparatus is stronger in proportion as its surfaces are more curved, 
and as its component substances are more refractive. The exponent 
of the degree, in which # transparent medium possesses refractive 
power, is called its index of refraction, 

‘The reader may find the definition of this term, as well as the 
explanation of the refraction of light, in the first pages of this work, 
without being obliged to proceed farther in the mathematical part. 

‘The curvatures, of the surfaces of the refracting media, have been 
determined by means of the reflected images which these surfaces 
produce. If two objects, having reflecting surfaces of different con- 
yvexities, such aa two convex lenses of different power, be taken, and 
the reflections of a window, for instance, be observed upon the two 
surfaces, it will at once be seen that the less convex surface produces 
the larger reflected image, while the smaller image corresponds to the 
lesser radius of curvature. There is, therefore, an intimate relation 
between the size of the reflected image and the curvature, or, to be 
exact, the radive of curvature, of a spherical surface. 

Tt is an experiment of this nature which has been used to deter- 
tmine the curvatare of the surfaces of the dioptric apparatus of the eye. 

An object of known size has been placed at a given distance 
from the eyo, and the images of reflection of this object, produced by 
the surfaces of the dioptric apparatus, have been measured, 

From the relation existing between the size of the object and that 
of its reflected image, the length of the radius of curvature has been 
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coneaye lens and a flat glass slide. Thus he obtained a plano-convex 
Jens composed of the substance to be examined. The dioptric images, 
farnished by the Jens thus formed, permitted the index of refraction, 
of the substance composing it, to-be determined, 

Other measurements, notably those of the indices of refraction of 
the various layers of the crystalline, have been made with an ap- 
paratus for which we are indebted to Professor Abbe (of Jena): this 
apparatus permits of making experiments with very small quantities 
of the substance in question. 

Let us now review, with reference to their optical properties, the 
different parts of the dioptric apparatus of the eye. 

The Cornca—The cornea being always covered with a thin film of 
‘tears, this film should be regarded as the first refracting surface; but, 
aecorling to Hirschberg,* the index of refraction of the tears differs 
only very slightly from that of the cornea and of the aqueous humor, 
and, moreover, this film is eo thin that it may, without serious error, 
Le disregarded or considered as one with the cornea. 

Strietly the anterior and posterior surfaces, the substance 
and the thickness of the cornea, should be separately estimated ; but 
in that portion which chiefly concerns us, viz., the centre, the posterior 
is nearly parallel with the anterior surface. Moreover, the index of 
refraction of its enbstance differs but very slightly from that of the 
aqueous humor Hence the cornea may be mgarded as forming, 
with the aqueous humor, one single medium, and its action as one 
with the action of its anterior surface 

‘The anterior surface of the cornea is the most important and active 
of all the surfaces of the dioptric syatem. 

‘This is not on account of its having the greatest curvature. The 
curvatures of the posterior surface of the crystalline, and of those of 
nearly all ita layers, are those of spheres of shorter radius; but the 
cornea separates two media, the air and the aqueous humor, whose 
indices of refraction differ from each other more than do those of any 

two contiguous media in the interior of the eye. For this reason the 
deviation, which luminous rays undergo in passing through the cornen, 
is greater than that to which they are subject even in passing 
throngh the crystalline. Tt is, moreover, of all the surfaces, the one 
mont nocessible for measurement, and the one which has been most 


‘studied. 

‘The form of the cornea resembles most nearly that of an ellipsoid 
of revolution, or an ellipsoid of triple axis. The antero-posterior axis 
is longest; the vertiea! and horizontal axes, or any other two axes 
which are perpendicular to cach other, are shorter, and may differ 

|} Hirschberg, Centraibiatt /. med. Winensch., No. 12, 1874. 


— 
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The distance from the anterior surface of the cornea to the anterior 
surface of the crystalline is 36 millimetres. Deducting the thickness 
of the cornea (0°? millimetre at its centre: Krause), we obtain 27 
millimetres as the depth of what is called the anterior chamber, 

The Crystalline Lens —The anterior surface of the crystalline lens 
should, secording to Krause, resemble a surface produced by an 
ellipse revolving about its shorter axis. But the central portion may 
still be regarded as spherical. Its curvature varies, the average mdius 
of curvature being 10 millimetres (Helmholtz), Knapp has found 
a radius of 79 millimetres, and von Reuss one of 14:06 millimetres, 

‘The thickness of the orystalline lens varies from 3:02 millimetres 
to 419 millimetres (von Reuss), the average being 3-6 millimetres 
(Helmholtz), 

‘The posterior surface of the crystalline has a radius of curvature 
of 60 millimetres (Helmholtz). The greatest curvature found by 
Helmholtz showed a rmdius of 513 millimetres; the weakest is 
cited in a case of von Reuss’, its radius being equal to 11°33 milli- 
metres," 

The crystalline lens is not homogeneous, but is made up of a 
great number of superimposed layers, whose curvatures increase in 
passing from the surface toward the centre, so that the nucleus is 
nearly spherical (Fig. 50). 

‘The index of refraction increases also from without inward, so that 
the crystalline lens may be regarded as being composed of so many 
divergent monisci, increasing in power proportionately to their near- 
ness to the nucleus, which latter is a convex lens of a very short 
radius, and a very high index of refraction. 

The effect of such a structure of the crystalline lens is to diminish 
spherical aberration, ic, to permit the formation of distinct images 
even by mys which enter the eye at a considerable angle with the 
optic axie.? A homogenous lene—a glass one, for instance—brings to 
a single focus only such rays as pass through it very near its axis. 
‘The lamellar stracture of the crystalline lens peculiarly adapts it for 
indirect vision, in which retinal images are produced by rays which 
form considerable angles with the axis of the eye.* 

‘The peculiar structure of the crystalline lens has still another 
effect, viz,, to render the dioptric power of this lens greater than if it 

1 Nagel, foe eit, pe 295. 

© Hamhoha toc, p 74 of tho original, p. 054 and Hermann, Ueber schigfen 
Derchgeng vom StraMenbindetn durch Linsen und aber cine darauf besigliche Bigenarhaft 


134. 
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and for the central one 14315,1 which he determined in a person 
sixteen years old, 
We are indebted, for the first investigations of this matter, to 
beer Brewster and Helmholtz ; and, for the latest ones, to Aubert 
and Matthiesson.* 


Pied clipe Veale fin focal leteroo ‘of cia eryetalion Tone 

may be Peachey and, if ee eee be exact, this distance will 
be identi with the one fou; irectly, experimentally, upon a 
crystalline lens removed from the eye. 

By calculating the course of Iuminous rays through such a system, 
we may find what should bo the index of refraction of a homogencous 
lens, having the same curvature of its surfaces and the same thick- 
‘ness, in order that it may produce the same effect as the crystalline, 
Again, the focal distance of the crystalline Jens, removed from the 
eye, may be directly determined, and from this, regarding tho lens as 
homogeneous, may be deduced its index of refraction. It is in fact 
very advantageous, in point of the simplification of optical studies in 
ophthalmology, to regard the crystalline lens as homogeneous, 

Its average index of refraction, thus determined, ought then, 
according to Helmholtz, to be 14371," Aubert and Matthiessen find 
an index of refraction 14480, which is approximately the same az 
Listing’s (14545=49), which Helmholtz had adopted for his first 
sebematic eye+ 


Tn 4 state of rest the crystalline lens has, in the aqueous humor, 
a mean focal distance of 50'6168 millimetres. 

Tt will be scon hereafter (in the chapter on accommodation) that 
the crystalline lons is susceptible of variation in form, The radii of 
curvature and the thickness do not always remain the sume. Thé 
dius of curvature of its anterior surface changes from 10 to 6 
millimetres. This surface advances 0-4 millimetre. 

‘The radius of the posterior surface becomes 5° instead of 6 
‘millimetres, but this surface does not change its position. 

‘The thickness of the lens increases from 3'6 to 4 millimetres, and 
its focal distance, which in a state of rest is 50°6168 millimetres, 
becomes 39-074 millimetres in a condition of strong accommodation. 

The Vitreows Body—The vitreous body may, from an optical point 
of bai be regarded as homogeneous. Ita index of refraction is 

Petree ae, none 
‘you ™ der get, A 1 vol. ii, p. 410, 
ahr ger, Augenh, P. 


4 “Ti te a8 sean cece aa also ¥. Zehender und Matthiessen : 


| Cher die Brechunguotficienten cateraciiecr Linsenvubstans (Klin, Monatsbl, pp. 289 and 
311, 1877). 
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the retina), hence 5-41 millimetres behind the second nodal point K*, 
and about 2 millimetres from the middle of the optic axis. 

The dene of vision, O F, which connects the point of fixation with 
the fovew centralis, does not coincide with the optic axis. It has, in 





Fig, 62, 


The figure is made vory schematic, in order that the angles a and 
may be rendered more apparent, A A’, optic axis; 9, anterior 
focus ; ripe focus; H! H®, principal pointe; K’ K’, nodal 
points; M, orntro of rotation ; C, centre of the cornea; BB,'base of 
the cores ; KL, major mxis of the cornaal ellipaoid ;  fonea centralis 
©, point of fixation ; K’O, line of vision 5 M.O, line of fixatiom 5 OX %, 
5 OMA, angle 7. 











common with the latter, only the nodal points K’ and K’, where it 
crostes the optic axis, The visual line is, therefore, a secondary 


axis (p. 23), 





* Manthnor, Joc. city, p. 640. 
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proportion as the object of fixation is farther removed from the eye, 
Tf we euppose the object O, in the figure, to be placed at an infinite 
distance from the eye, the two angles become equal.* 


The summit of the anterior surface of the erystalline does nob 
always coincide exactly with the corneal axis. Helmholtz* and 
Knapp* have found that the summit of the lens is sometimes situated 
a8 much as 2 degrees to the outer (temporal) side of the corneal axis. 


The centre of the pupil is sometimes on the nasal (Helmholtz, 
Knapp), sometimes on the temporal side of the corneal axis (v. Reuss). 
‘The latter authority, moreover, has found the centre of the pupil 
always to the inner sido of the line of vision, 





‘Schematic fhree times natural size. y', anterior or fit 
Fe aster erface ofthe cornea; "Hand H principal 
posterior or second 


| 

| 

| Reeapitulation : 

| ‘The average dimensions of the dioptric system of the eye, accord- 

| ing to Helmboltz’s most recent conclusions, are— 

+ Besides the line of vision and that of firation, a third lino is known in physiologien) 
option Th pases from the point of fixation through the eontro of the pupil, and has been 
ts ” by Helmbolts, line of sight by Knapp (Arch. of Ophthal. and Otol. iv.y 
he * Helmbeltz, Arch. f. Ophth, ly 2, p. 36, 1804; Handbuch der physiologiechen optik, 


re = 
* Knapp, Arch f, Opbth, vi, 2p, 1, 1800, 
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apparatus of the eye, Tf the luminous point be situated without the 
principal axis, its image will be formed upon a secondary axis, is, 
ona stmight line drawn from the luminous point through another 
Point sitoated im the interior of the eye, and designated the nodal 
point.* Tn fact, on connecting, by straight lines, each point of which 
an oe is composed with the corresponding point of the image, all 

these lines cross each other almost at the same point, which is 
therefore called the “ nodal point.” 

‘This point, which corresponds to the union of the points K’ and 
K" (Fig, 52), is situated about 7 millimetres buck of the surface of the 
cornea ; hence 23—7=16 millimetres in front of the second focus. Tt 
is charucterised by the fact that every luminous my, which is directed 
toward it, passes through the dioptric system of the eye without 
undergoing deviation. A luminous point, situated above the principal 
axis, forms its image below this axis, in the interior of the eye; and, 
inversely, the image of a point alove the principal axis will be formed 
Aelow this axis, in the interior of the eye, inasmuch as the lines on 
which the images are formed intersect at the nodal point C (Fig. 12). 
If, instead of two points, we have an object, the latter may be con- 
sidered a8 composed of an infinity of luminous points. All of them 
form their images between the two extreime points on the opposite side 
of the axis. This is why real images produced by the dioptric system 
of the eye, like those formed by every dioptric system, are inverted 
relatively to their objects, 

Evaternoria, 

‘The purpose of the dioptric system of the eye is to form, upon 
the retina, images of external objects, and thus bring the individual 
into relation with the surrounding world. In order that this may be 
aeeomplished for distant objects, the retina must be located at the 
second principal focus of the dioptric system, or in the second focal 
plane, if we so term the plane passing, through this focus, perpendi- 
eularly to the axis. 

This condition of the eye has been adopted as the standard con- 
dition of the eye, and is called emmetrapia (Donders). 

| Hence we may say emmetropia is characterised by the fact that 
| the retina ia situated at the focus of the dioptric system of the eye ; or, 
the emmetropic eye is one which focuses parallel rays upon its retina ; 

* These who have read the firvt chapter know that there are in reality two nodal 


comme in # direction parallel to that which they first took, and os if they emanated from 
the seoond nodal poink But in practice wo may suppose the two nodal polite to be 
merged in a single owe, 


i 





| 


or, again, one which, in a state of repose, is adapted to infinite distance 
(An eye is mid to be adapted to a distance when it receives upon its 
retina distinct images of objects placed at that distance) 

It has been shown (p. 11) that the same effect, that is produced by 
the complicated dioptric aystem of the eye, inay be produced by means 
of a single convex surface separating the air from a more refractive 
medium, Thus is obtained the reduced eye of which the author's 
artificial eye is a faithful reproduction. Ita refractive surface has a 
radius of curvature of 5 millimetres. Tt is filled with aqueous or 
vitreous humor, or with water, all of these substances having the 
same index of refraction. Under these conditions its principal focal 
distance H ¢° (Fig. 54) equals 20 millimetres, 

Hence emmetropia is represented in the eye upon which, because 
of its simplicity, we base the following discussions, when its retina is 
20 millimetres behind its refractive surface, at the focus @”. This 
is the condition represented by Figure 54. 
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Fra. 64. 


We have said, when speaking of the form of the crystalline lens, | 
that the latter becomes more convex upon quitting, under the influence 
of muscular action, u state of rest. In this case the refractive powerdl | 
the eve is necessarily increased. In a state of rest it has ite least re 
fractive power, and is adapted to the most distant point that it ean see 

The name punctum remotum is given to the point to whieh the 
eye is adapted when at rest, Hence we may also say— 

The emmetropic eye is one whose punctum remotum és setwated ab 
infinity, 

The schematic, emmetropic eye ought, evidently, to meagure 228 
millimetres from the summit of the cornea to the fover centralis of 
the retina. This is the distance from the second focus to the fint 
refractive surface, Adding to this the combined thickness of the 
choroid and sclerotic, we obtain 228+41-3=241 millimetres as the 
total length of emmetropic, schematic or average eye, from the suramik 
of the cornea to the posterior surface of the sclerotic. As a matter al 
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fact, the dimensions of emmetropic eyes differ but slightly from these, 
for the reason that the dioptric system is fairly constant. 

Bat it results from our definition that emmetropia does not con- 
sist in a given power of the dioptric apparatus, nor in an invariable 

of the eye, but in a relation between the refractive power and 
the length of the eye. An emmetropic eye might have a much more 
powerful dioptric system than that of the schematic eye; instead of 
@ fecal distance of 23 millimetres it might have, for example, one 
of only 20 millimetres, provided it were proportionately shorter, so 
that, having a focal distance of only 20 millimetres, its focus fell 
upon the retina, Conversely, we may conceive of n longer emmetropic 
eye, whose dioptric system is correspondingly weaker, In short, an 
eye is always emmetropic if its principal focus fall upon its retina. 

A well-known law of optics teaches that when rays emanating 
from a point A are focused, by a dioptric system, at a point B, rays 
which are given off from B will, inversely, be focused at A ; in other 
words, the image may be substituted for the object, and the object for 
the image, indifferently. 

This may easily be verified. Take a convex lens of 20 dioptries, 
for instance. Place on one side of it a small, lighted candle at a 


centimetres fromthe lens. Substitute, now, the candle for the screen 
(ie, the object for the image), and vice versd, and it will at once be 
seen that the image is now produced at exactly the place where the 
candle formerly stood. 

Applying this law to the emmetropic eye, it is plain that, if a 
luminous point be located upon the retina, rays emanating from it 
will be parallel after leaving the eye, since, in order to form a dis- 
tinct image on the retina, rays must be parallel before entering the 
eye, £4, must come from an object situated at infinity. 

As the luminous point is brought nearer the dioptric apparatus, 
ite image recedes, Indeed, rays emanating from the luminous point 
L (Fig. 55) situated at » finite distance from the eye, are no longer 
but divergent in inverse ratio to the distance of the object 
eye. Tho more divergent they are before reaching the 
ie syatem, the farther away from it will they be focused, The 
reunion I/ recedes farther and farther behind the principal 

nearer the object approaches, ‘This is easy to verify with 
the light, and the screen above mentioned. ‘The nearer we 
flame, the more we have to remove the screen from the lens, 
to obtain a distinct image. Inasmuch ns the retina cannot 


Hn 
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follow this movement of the image, but remains in its position, a 
luminous point, brought nearer the emmetropic eye, no longer forms 
4 well-defined image upon its retina, but a circle of diffusion. One 
of its diameters, A B, is shown in the figure, 








Fig. 55. 


The image of diffusion of a luminous point formed by spherical 
surfaces is a circle, since that which takes place in the plane of the 
paper takes place similarly in the other planes of the cye. Hence 
the figure must be imagined as having been revolved about the line 
T/L as an axis, in order that one may obtain a correct idea of the 
luminous cones corresponding to L’ and L’, and of the circle of 
diffusion, 

That which occurs in tho caso of single point takes place as 
woll in the case of every point situated at a dike distance from the 
eye. As we have already stated, an object may be regarded as made 
up of an infinity of luminous points, If it be situated at a finite 
distance from an emmetropic eye, cach of these points forms upon 
the retina a circle of diffusion; consequently the entire object forms 
a diffused, and not a distinct, retinal image. 





Pia. 66. 


In order that an emmetropic eye may gee clearly at the short 
distance of L’, the rays emanating from Wiis point must be rendered 
parallel, since only parallel rays are focused by an emmetropic eye 
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in a state of rest, upon ita retina. This can be effected by means of 
a convex lens. However, the lens must be of such « power, and 30 
placed, that ita focus shall coincide with the point Li. Tt will 
then give two rays, emanating from L’, a parallel direction, as in the 
case of all rays emanating from its focus (compare p. 128). 

Let us suppose L’ to be 4 metre in front of tite emmetropic eye, 
and that we place a convex glass very near the eye. This glass 
should have a focal distance of } metre, if it is to render parallel the 
rays which come from L’, or, what amounts to the same, if it is to 
adapt the emmetropic eye to the distance of L’. 

We may consider the matter in still another way, and say that 
the dioptric apparatus of the emmetropic eye is too weak, when at 
rest, to permit of distinct vision at so short a distance, and that we 
ine its power by adding to it a lens having a refractive power 





of 2 dioptrics (see parmgmph on the dioptry, in Chapter 1), 





AMETROPIA. 


Every eye which is not emmetropic is called ametropic. In 
ametropia, the retina is either BEHIND or IX FRONT OF the principal 
focus of the eye; parallel rays are focused either in front of or behind 
the retina, 

Hence the gunctum remotum of the ametropic eye is not situated 
at infinity, The ametropic eye docs not sce distant objects distinctly, 

Conversely, rays coming from the retina of an ametropic eye are 
not parallel. Lot us take the first case in point. 


Myopia. 


Definition—Myopia is that state of refraction of the eye, in which 
the relina is sitwated DRUIND the principal focus of the eye. 





Fio. £7. 


Parallel rays, which have already been united at the focus ¢” 
(Pig. 57), continue their course, now a divergent one, and, when they 


126 THEORETICAL PORTION. 


reach the retina, form, upon it, circle of diffusion A B, instead of 
a well-defined image. 

Tn order that this image may become distinct, the luminous point 
must be brought nearer the eye. Its image then recedes from the 
principal focus, as was shown above, and finally reaches the retina. 

Thus, upon bringing the luminous point from infinity to the point R 
(Fig. 58), its image moves from ¢” to N, and is then just on the retina. 
Sines it forms, here, a distinct image, the point is now seen distinctly, 

An eye whose retina is beyond the focus of its dioptric system is, 
therefore, adapted to a luminous point situated at a finite distance in 
front of it. 

This condition of the eye is called myopia. This is an old name, 
dating from a pro-ophthalmological epoch. It bears no direct relation 
to the refractive condition which it is made to designate. Its 
etymology is jveis (to half-close, to wink), and dp (eye). Donders* 
proposed the name brachymetropia, because these eyes are adapted to 
a short distance; but this new name has not succeeded in replacing 
the old one, which had been too long in use to be easily sot aside, It 
would, however, be more like the common expressions of similay 
signification, “ short-sighted,” wne basse, kurzsic! and would indicate, 
in a measure, the nature of the anomaly which it designates. 








Fio, £8. 


Different forms of Myopic.—It will be noticed that the definition 
of myopia does not say anything either of the abgolute refractive power 
of the eye or of its length. It states only that the retina is situated 
beyond the principal focus, or that the focus falls in front of the 
retina, in consequence of which the eye is adapted to a finite distance. 

Hence we may imagine a myopic eye having exactly the same 
refractive power as the schematic, emmetropic or normal eye, bub 
which is, a5 it is represented in the preceding figures, longer. The 
myopia of such an is therefore due to an excess in the longth 
of its axis, and may be designated by the name of axial myopia, M*. 


* Donders, Anomalies, de,, p. $2 
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On the other hand, the same optical effect may be produced with- 
out change in the length of the normal eye, by increasing the 
refractive power of the dioptric apparatus, either by an increase in 
the convexity of the cornea or the surfaces of the crystalline lens, 
or by advancing the lens, or by an increase in its index of refraction, 
or in that of the aqueous humor, or, finally, by a diminution in that 
of the vitreous body. 

Tn all these cases parallel rays are focused nearer the dioptric 
apparatus, i. in front of the retina. 

Cases of this kind have been observed, especially of myopia due 
to excessive curvature of the refractive surfaces, Ifence we may 
speak of a myopia of curcuture, M°. 

At other times we notice an increase in the refractive power of 
the eye, in consequence of a change in the index of refraction of the 
crystalline lens (increase), or in that of the vitreous body (diminution). 
a eee tienen sey many, bo ealled myriad 
to alteration in index of refraction, M' 

‘Axial’ mayopin is by: fur tho most froquent form, We shall find 
abundant proof of this in the clinical chapter, Cases of myopia of 
curvature, or by alteration of the index of refraction, are rather 

i and, although mixed forms may be met with, it is safer 
to regard the dioptric apparatus as constant, and the axis of the eye 
as vatinble, Henoe a myopic eye may be rmgarded as having the 
same | power with, but as being longer than, an emmetropic 
— 


-A myopic eye is evidently more myopic in 
alae it liffecs from cmmetropia; in other words, as its 
situated farther behind the focus of ita dioptrie system, 
sy In popain  tepot t wh it is adapted, its 
punctim remotim, is 
It is, indeed, the viliduace of this” farthest yoink” from the eye 
which affords the simplest and most rational measure of the degree 
‘of aneropia. Myopia increasing as this distance diminishes, i-., a3 
ae point approaches, the degree of myopia is not directly, 
‘but teversely proportional to the distance of the punstum remotum 
from the eye. Jf the punctwm remotum is situated 25 centimetres, 


or j of a metre away, the myopia equals gh: Bien eed itit 
is 50 contimetres, or half a metre away, the myopia ix a=" r =2 
dioptries ; if the point be 1 metre distant, the myopia will be =k-= 
1 dioptry. 








* The farthest point of distinct vision, 


i 
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For emmetropia, in which the far point is at infinity, R is infinitely 
great, and we obtain, according to the same principle, the expression 
E=$=1=0. 

The analogy, between a lens and the degree of myopia, becomes 
still more evident when we compare the adaptation of the myope with 
the emmetrope’s adaptation to a short distance. Lat us take the case 
of a myopic person whose punctwm remotum is 25 centimetres distant 
Ql =ya-= 4D). Tn order to see at the same distance, an emme- 


trope needs a convex glass having « focal distance of 25 centimetres, 
or 4 of a metre, and placed close to the eye. 

‘Hence myopia has the same effect upon the adaptation of the eve a8 
# convex glass of a focal distance equal to the distance of the punctum 
remotum, this glass and the eye being considered az forming one whole, 

Since the myopic eye is comparable to an emmetropic eye pro- 
vided with a convex glass, it is but logical to express the degree of 
myopia by the strength of the convex glass which renders an emme- 
tropic eye myopic. We say, therefore, Pa ea 
D, when it is adapted to the focal distance of 5 D = ** or “8 = 


20 centimetres, iglesias renchuw fa pope of 16 1;i6 15 or 
200 = 62 millimetres in front of the cornea, 


‘Tho analogy between a myopic eye and an emmetropic oye furnished 
with a convex lons placed almost in contact with the cornea, is perfect only 
in wo far as the adaptation of the eye is concerned. A reservation must be 
made with regand to the size of retinal images. 

‘Thus an emmotropic eye, to tho cornea of which ia appliod a convex lens 
of 4 D, is adapted to 25 contimetres by the increase in the refractive power 
of ie dioptric system. It has not changed in length, and, noverthelosa, it 
focuses divergent rays upon its retina. Honco it is comparable to an eye 

from increase in refractive power, for instance, from excessive curva 
eee te ee 
Istter is adapted to the samo distanco as an eye myopic from 
peo curvatare, or an emmetropic eye provided with a convex glass. 
‘Tho retinal images are well detined in each of the thre cases; but thoy are 
not of the same sim. We shall seo this in the chapter which treats of the 
influence of correeting glasses upon tho sizo of retinal 

"To thom who do not care for new calculations, the author's artificial 
‘eye will peader these differences at once apparent, Place, for instance, an 
object 15-3 millimetres in diameter, 115 millimetres from the comea of this 
aye. In & condition of emmetropia, it is necessary, in order to obtain a 
distinct imago, to placo w convex lens, having a focal distance of 115 milli- 
metres, in contact with ite refractive eurfaces, This lens produces the samo 
1 
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oifect aa if the emmetropic eye had become myopic from excessive curvature, 
or as if ft made an effort ef accommodation. ‘The retinal image will have a 
diameter of 2 millimetres. 

In order to cause the eye to see at tho mame distance, without changing 
its refractive power, we are obliged to increase its length 3 millimetres Tt 
hos now an axial myopia of gayyg ‘The retinal image is still distinct, but 
is 2-3 millimetres in diameter. 

The farther we remove the convex lens from the emmetropic eye, the 
greater becomes the size of the retinal image In order to obtain, for the 
emmetropic eye, an image of the same size as that of an axially myopic eye, 
the convex glass must be placed 15 millimetros in front of its refractive 
surface, at the point ¢ (ee p. 89). 


In order to cause a myopic eye to see clearly at a distances, 
parallel rays must evidently be rendered as divergent as if they came 
from the punetwm remotum of that eye. 

This is possible with the aid of a concave lens. Such a lens 
renders parallel rays a divergent as if they emanated from its fous, 
Let us place before the myopic eye a concave lens whose foous (F) 
coincides with the far point (+2) of the eye. Parallel mays, after 
having passed through the lens, will diverge as if they came from Zt 
‘The myopic eye will focus them upon its retina, and will, consequently, 
sce as well at a distance as the emmetropic eye. 

This lens may therefore be said to have corrected the ametropia of 
this eye. 





Fia, 59. 


What should be the focal distance of this correcting leas? ‘This 
depends evidently upon the distance, from the eye, at which we place 
it. The focal distance must be less in proportion ag the lens & 
placed farther from the eye, 2, nearer to its punchom remote, sinc® 
the focus of the lens must coincide with this point. 

Let the distance (Zt H) from the punctum remotum to the eye equal 
50 centimetres, If we place tho correcting glass at a distance of 
O H=30 centimetres from the eye, it will beat RH—O H=OR 
50 — 30 = 20 centimetres from the punctum remotum, Hence its focil 


be 
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Lm 


hares an eae aa -, Its refractive power 
is, therefore, 

Ta assets oro tadeaste io ta aya COT 10 Sakina ) 
it will need to have a focal distance of 50—10=40 centimetres, and a 
refractive power of 7 =2'5 D. 

Placed 5 centimetres from the eye, it is 50-5 =45 centimetres 
from the far point, To this distance corresponds a refractive power 
of =22 D, 

Finally, if we bring the lens close to the eye, its focal distance 
(B) must be just equal to that of the far point (22), ic, 50 centimetres, 
or Land its refractive power will bo 2D in our example, ‘Thus, 
when the concave lens is sufficiently near the eye, so that the two 
may be regarded as united, its focal distance must be equal to the 
distance of the punctum remotum, and its refractive power is equal 
to the positive focal distance of the convex lens which would render 
an emmetropic eye myopic in the same degree. 

From this it results that the correcting glass, i, the one which 
adapts the myopic eys for distant vision, may serve to determine the 

of the myopia; with the condition, however, that the glass be 
quite close to the eye. An eye which sees at a distance only 
with the aid of the concave lens number 12 D, has a myopia of 
12D, and its punctum remotum is situated 2, of a metre, or 0" — 





ill, therefore, always be stronger than the myopia 


Seema fe pense resictien from ths: myopis eye 
be 125 millimetres (M="? =8 D). The correcting glass, placed 
| Bp a TeeMis Exit Of te eve, will sed to have a focal distance 
| of 125—15=110 millimotres, which corresponds to9 D, Tho concave 

number 9 therefore corrects, under these conditions, a myopia of 8 


i] 
\ 
\ 
i 
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Where is the punctum remotum to which auch an eye is adapted ? 
‘That is to say, where must the luminous point be placed, the con- 
jugate focus of which shall be upon the retina, which is itself situated 
in front of the principal focus of the eye? 

For the myopic eye, we had to bring the point from infinity to a 
finite distance from the eye. As the object was brought nearer, ite 
image receded from the principal focus, and finally fell upon the 
retina, which, in the myopic eye, is situated behind the focus. In 
other words, it was necessary to give the luminous rays a divergent 
directi 





Fro. 60. 


Tn hyperopia, the case is inverted. The eye is too short, since 
the retina is situated in front of the focus, nearer the dioptric 
system. Hence it would be necessary, in order that the image might 
advance from the focus toward the dioptric system, to carry the object 
teyond infiwity. ‘This is not possible in reality, but the same result 
may be obtained by rendering the incident Iuminous rays convergent 
(Fig. 61). Indeed, mys coming from a finite distance, are divergent 

(Pig. 58), those coming from injinity, are parallel (Fig. 54), hence 
those coming from beyond infinity must be convergent (Fig, 61). 





* Fra, 61, 


Taasmuch as no objects are beyond infinity, convergent rays do 
not exist in natun~ Hence an eye, whose retina is situated in front 
_ of the principal focus, does not see distinctly at any distance. It is 
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All these forms of hyperopia have been observed ; but, like myopia, 
hyperopia is generally due to an anomaly in the length of the eye, the 
dioptric system being more constant, and scarcely differing from that 
of the emmetropic eye, Hence we regard axial hyperopia as the rule, 
and the other forms as exceptions, 


Degree of Hyperopia:—The hyperopia is evidently stronger in pro- 
portion as the condition of the eye differs more from emmetropia, t+. 
as the retina is further from the focus, or nearer to the dioptric 
apparatus. The more the retina advances, the more the luminous rays 
must converge, in order to be united upon it, and the more they do 
converge, the nearer does the punctum remotum I approach to the eye. 

‘The distance of the punctum remotum here, again, serves to deter- 
mine the degree of the ametropia. The degree of hyperopia, as that of 
myopia, is in inverse ratio to the distance of the puactum remotum. 

If we take 2H (Fig. 62) as this distance, and let R* to be its 
expression in terms of the metre, the degree of hyperopia will be 3 
or r dioptries, 





Fro, 62, 


How is the distance between the hyperopie eye and its farthest 
point to be ascertained? In myopia we had only to bring a small 
object toward the cye until it was seen distinctly. It was then at the 
punctum rometum, and the distance which separated it from the eye 
was directly measurable. 

But the percium remotum of hyperopia cannot be so direct 
mined, since we cannot carry an object beyond infinity, and, 
other condition, the mys which emanate from an object are divergent, 
or, at most, parallel.* 

We are therefore obliged to have recourse to a convex lens, which 






# Rceeresponde again to fof our formule in Chapter L., only it ix negative, being on 
the sanns aide of the aiopteic aystem as /*. 

* Ie will be nsticed that the designation of the degree of tho ametropia, whether 
myopia ur hyperopia, being aed solely upon the distance of the punctum rematun, in 
staclutely Independent of the eause of the ametropin. 
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advantage of simplifying most of the practical considerations 
of it. It may be used without error in the determination of the 
numbers of correcting glasses for any distance. But it must always 
be borne in mind that, in reality, hyperopia is more frequently a 
defect in length than a defect in refractive power. 

It is not possible, in practice, to place the correcting Jens ao near 
to the eye that its focal distance may be exactly equal to the distance 
between the grenclum remotwm and the eye. That, however, does 
not prevent its being used with safety in determining the exact 
degree of the hyperopia. It is only necessary to make allowance for 
the distance between the glass and theeye. In fact, at whatever point 
we place a convex lens, we can always find one whose focus coincides 
with the punetum remotwm of the eye. Tt will cause parallel rays to 
converge toward this point, and will correct the hyperopia by enabling 
the eye to focus parallel rays upon its retina, and sce at a distance, 

Suppose an eye (Fig. 63) whose punctum remotum is HR=111 


millimetres behind it, It has a hyperopia of “9 D. If we place 


the correcting glass O in immediate contact with the eye, as in figure 
62, it must also have a focal distance of 111 millimetres, hence a 
refractive power of 9D. But if we place it where spectacle glasses 
usually are placed, ie, 15 millimetres in front of the eye, it is O H= 
15 millimetres farther from the punctum remotum, and must have a 
focal distance of 111 + 15=126 millimetres (2H + HO=20 or 
#0), hence a refractive power of 8 D. 












Fro, 63, 


If we place the glass still farther from the eye—5b millimetres, for 
instance—its focal distance must be 111 4 55=166 millimetres, hence 
its refmetive power 6D, If it be at 111 millimetres from the eye, 
its focal distance must become 111 + 111 = 222 millimetres, and its 
refractive power 45 D. 

There would thus really be an infinite number of correcting glasses 
for the same degree of hyperopia (just as in myopia), but the name 
correcting glass is reserved to the lens which, when placed where 
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of the eye, one can ensily calculate the corresponding length for any degree 
of axial myopia or hyperopia, by means of the formula 8 a, p. 20, or Va, 
p Ol; 


tf 
Tm7—P 


in which /* equals the distance from the second principal point to the 
tmtina. To this we have only to add 2-11 millimetres in order to obtain tho 
total length of the eye, fia tho dis‘enca from the punctum remotum to 
the first principal point, or the distaace which expresses the degree of 
ametropia. It will be negative for hyperopia, 80 that, in this ease, the 
formula beeomes— 


fF 
Im 7ee 
F" isthe socond principal focal distance of the eye = 20-7136 millimetres, 
P* ia the first principal focal distance of the eyo=15-4983 millimetres 
for tho echematic eye, 
If it is a quostion only of knowing the difference in length between an 
and the emmetsopic eye, their dioptric systems being equal, we 
‘wee the formula 8 a, p. 20, or Ve, p. 92— 
rr 
ft - 
in which 7=/"-F, that is to say, the difference in Jength between the 
ametropic and emmetropic eye ; 


FF’ = 154983 x 207137 = 321026 millimetres, 
Taf-F 


Sige 
the difference between the distance from the punctum remotum to 
Ret senctamat aah ed thab toe: te anieces fovur te ame hea 
prineipal point of ths eye In other words, Z' ia the distanca from the 
remotum to tho anterior focus of the eye, The latter is situated 
154983 —17532=13°7451 millimetres in front of the cornoa. This ia 
nearly where mpectacle glasses, the glasses used for the correction of ame 
tropia, are placed. ‘Their focal distance is, thervfore, always ahorter, by E”, 
than f in myopia, and longer, by F’, than 7 in hyperopia. Hence 7 in the 
formula is, in this caso, equal to tho focal distance of the correcting wlass 
placed at the anterior focus ¢', 

‘From this it results that, in order to ascertain the difference in length 
between an axially ametropic eye and the schematic emmotropic eye, ono 
thas only to divide the constant quantity 321 by tho focal distance of the 
correcting glass expressed in millimetres. 

‘This difference, added to the Jongth of the normal eyo (E= 22824), will 
give the length of the myopic eye; subtracted from the length of the 
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‘We have found, between the product of the focal distances, as we havo 
ec eee ae ea ete ling seine gran by. Neel) nlinisens 
too alight to influence the number which expresses the lengthening or 
shortening of the axi, Neyertheloss, our values in columns V. and VILL 
differ a little from those given by Nagel (22'334), because we took as the 
Jength of Spear ey eyo ey aa millimetres) which wo 
obtained by our calculations in 

Meter ate easton Ge eon have to employ the 
same formule. However, f' and f”, as well os F’ and F", touch each othor 
at the refractive surface, since tho principal points H’ and H” coincide with 
the latter, 

¥ corresponds to the length of the emmotropis reduced eye, and equals 
20 millimotres ; 7” to that of the ametropio reduced ayn. 

F is the anterior focal distance of the reduced eye, and equals 15 milli- 
ap a 
of the ametropic reduced ey 

PereaiarRnTAaREin Ly? Fthe fea dictecce of Ale coerce glam 
placed at ¢’, tho value 7’ is f’ = I’ + Fin myopia,’ — F in hyperopia, ie., 
15 willimetres longer than the focal distance of the correcting glass, in 
myopia, and 15 millimetres shorter than it, in hyperopia, 

The product Fx F* becomes 15 x 20 = 300 millimetres, and the differ- 
ence in length (2°) between the ametropic and the emmetropic eye is 
obtained by dividing 300 by tho focal distance of the correcting glass, 
expressed in millimetres ; 2522 (aco p, 20 et seg.). 

‘Tho caloulation becomes, in this way, 0 simplo that it may bo readily 
portormed moutally, without the results differing groatly from that of the 
schematic eye. Thus, a myopic eye corrected by the concave 6 D, of which 
the focal distance (I’) equals 200 millimetres, is longer, by US = 15 


millimetres, of, to bo more exact, by $24~1'51 millimetres, than the emme- 


eyo, 

For a correcting glasx of 1 dioptry (?'=1000 millimetres), we obtain a 

difference in the length of the eye, amounting to: 
Pa Si =oss1— 

Conversely, we may ask, what change in the rofmctive condition is pro- 
duced by a varistion of 1 millimetre in tho longth of the eye? 

We say, 0-321 millimetres of difference in length correspond to 1 
Gioptry ; honco 1 millimotro corresponds to gjgz~3l dioptric, ‘This 
seems that each millimetre added to the length of an emmotropic eye 
produces an increase of myopia which is corrected by 3+ dioptrics, the glass 
being placed ut ¢#. Each millimetre of shortening of the emmetropic eye 
Tequires a convex glass 3:1 dioptries stronger, supposing it to be placed ab 
‘the anterior foous #' of the eye, which has thas become hypermetropic. 


i 
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IL—DYNAMIC REFRACTION OF THE EYE 
ACCOMMODATION, 


Heretofore we have considered the eye as being adapted to one 
single distance, that of its pwnetum remotwm. When the luminous 
point was ut any other distance, ib formed upon the retina a diffuse 
image. Thus, on bringing the object between the eye and its punctum 
remotum, each of its component points forms upon the retina a circle 
of diffusion, and from the sum of these circles a diffuse image is 
produced. 
Daily observation, however, teaches us that the same eye ean see 
distinctly at very different distances, Only we do not see, simultane~ 
ously and distinctly, both a distant and a near object; we see either 
tho one or the other, 
Tf, for instance, we approach a window, before which hangs a 
muslin curtain, we can sometimes see the threads of the curtain, and 
sometimes objects outside of the window, but never both at one time; 
or again, holding a finger between the eye and a book, we sometimes 
see the finger distinctly, and at other times the text of the book; but 
both are never, simultancously, distinctly visible. 
From this it results that distinct images of objects situated at very 
different distences from the eye must be formed upon the sensitive 
layer of the retina, But, at the snme time, the condition of the eye 
must have changed, since it cannot see near objects, when it is adapted 
to thoee at a great distance, nor distant objects, when it is adapted to 
near ones, 
‘Now we know that, being given any dioptric system, and a screen 
upon which this system may produce images, as the dioptric apparatus 
of the eye upon the retina, the image is distinct for but one single 
distance of the object, 
If the object be bronght nearer to the screen, its image recedes 
from it, and the screen receives only a diffuse image. In order to 
obtain a well defined image, the screen must likewise be withdrawn 
from the dioptric system, or the power of the latter must be sufficiently 
increased 20 that it may focus the rays, emanating from the object, 
| upon the sereen, in spite of the approach of the object. If, then, the 
| same eye sees an object at 100 metres as distinctly as it does another 

‘object which is only 20 centimetres distant, a change must be possible, 
| either in the position of its retina, or in the refractive power of its 


system. 
‘The former hypothesis is not admissible. In order to change the 
position of its retina, the eye would have to be able to vary its length, 
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and vary it considerably, too, in a fraction of a second of time. We 
have seen, indeed, that, in order to change its adaptation from infinity 
to 75 millimetres, the eye would have to become 5 millimetres longer. 
‘This number represents the difference in length between an emumetropic 
eye and one which has become myopie by elongation, its punctum 
remotum being at a distance of 75 millimetres (133 

‘The eye possesses no apparatus capable of producing such a change 
in its length, The dioptric system of the eye, therefore, must vary 
when the object of fixation changes its distance. Its refractive power 
must inerease whon tho object approaches and diminish when the 
latter recedes. This is, in fact, what takes place. 

The faculty of the eye, to give its dioptric apparatus the strength 
necessary to see, clearly, objects situated at different distances, is called 
accommodation. This accommodation is produced by a change tr the 
convexity of the orystalline lens, 

The following experiments show how accommodation is produced : 

Tt is well known that convex mirrors produce erect and diminished 
images of objects situated in front of them. Concave mirrors produce 
inverted images of such objects. These images are smaller in pr- 
portion as the curvature of the mirror (whether convex or concare) 
is atronger, #.«., a8 its radius is shorter, 

One may easily convince one’s self of this with the aid of biconver 
lenses of different curvatures. The convex surface, turned toward the 
observer, forms a convex mirror; and the air, in contact with the 
opposite surface, forms a concave mirror, Turning one’s back te & 
window, one immediately sees the two images of the latter, which an 
produced by the two surfaces of the lens. One image is due to the 


A B 


Fru, 64" 












convex surface, and is situated behind it; the other, due to the com 
cave surface, ig inverted, smaller, and nearer, These images a 


+ Figures A and 8, 64, sro after thowe in Donders’ work (Anomalies, doe... 15) tat 
aro rectified, the images « and b being upright, while ¢ is inverted, 











ACCOMMODATION, 147 


image is, moreover, inverted, because it is furnished by a concave 

surface, For the sime reason, its movements are in directions 

opposite to those in which the flame moves, 

Fig, 64 A, and the full lines in Fig, 65, show the position and 
formation of these images of reflection, while the eye fixes the most, 
distant object that it can see distinctly, or, in other words, while it is 

to its punctum remotum, ic, is ab Test. 

Tf we bring the object of fixation in the direction A A nearer and 
nearer to the eye, without the latter ceasing to distinguish it clearly, the 

phenomena are observed in the reflected images (Fig. 64, B) 

‘The image (a) from the cornea does not vary. 

‘The image (2), from the anterior surface of the crystalline lens, 
approaches the one from the cornea and becomes smaller, This 
proves that the anterior surface of the crystalline has approached the 
cornea. A glance at Fig. 65 suffices to show that, if HE tho reSected 

of the flame appears at 6’, instoad of at b, d¢,, if it follows the 
dotted line 2’, in coming toward the observer's eye, the surface, by 
which it is reflected, must have advanced. The surface represented 

by the dotted line L’L’ has in this case replaced the full one LL. 

‘Tho fact, that the image is smaller in the second case than in the first, 

shows that the corresponding surface has become more convex. 

» _ The third image (c) does not seem to change its position; but it 
becomes a trifle smaller. Hence the curvature of the posterior surface 
of the crystalline lens has increased somewhat, but the surface itself 
has not changed place. 

‘The thickness of the crystalline lena must evidently increase, by 

anamount equal to the advancement of its anterior surface, when, 

under the influence of the adaptation to near objects, the convexity of 
its surfaces increases. 

All these phenomena are more easily observed when, instead of a 

single flame whose contours are not well defined, we take, as the 

object, two Inminous squares. They are cut in a screen covered with 

ground glass, and are strongly Muminated from behind by means of 

gas or electric light. The reflexes from the dioptric surfaces of the 

‘eye, whon it is adapted to distant and to near objects, are then repre- 

tented by A and B, Fig. 66, in which the letters have the samo 
8s before. 

‘Each surface reflects two images corresponding to the two objects. 
_ The distance between the two images of exch pair is proportional to 

Eee batnionas This size may be readily measured by means 


au 
} ss he fixation of the most distant to that 













whieh it can see distinctly, it has evidently 
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At rest, 
‘Radius of curvature of anterior surface of 
Teng rae. = 100™ 
Radius of goriense posterior surface 7 
om. 
‘Distance from anterior surface of cornea 
‘to anterior surface of lens, .  « 36 
= rice ened 72 
wo . . taal 
‘Thicke of the enptaling ets f 36m 








Historical —The history of accommodation is very interesting. It 
would, of iteelf, constitute a course of applied optics. ee ae 
ae form of the eye, in its refracting surfaces or in its 

wer, which inight possibly produce the change fat neiachiba SMES 

paddies has been brought forward as explaining 

this phenomenon, The practical nature of this treatise will not un- 

fortunately permit ua to make the excursion into the past, which 

would be necessary to a review of these various hypotheses. Those 

| of our readers who are interested in it will find the full history of the 

_ theory of accommodation well treated in Helmholtz’s classical work.* 

‘We sliall here limit ourselves to indicating the ground gone over 

| from the time the proper explanation of accommodation was first 
known, up to the period when the theory was virtually proved. 

| ‘The first to ascribe this variation, in the refraction of the eye, to n 

change in the form of the crystalline leus, seems to have been the 

Jesuit, Scheiner* (1619), After him came Descartes (1637),® 

Pemberton 4 (1719), Camper * (1746), and Hunter * (1794). 

‘Th. Young * (1801) not only advanced, as probable, the change of 
form in the erystalline lens, but he also brought direct proofs to 
Cel aa His experiments and theory, however, passed 


+ Helmholte, Handbuch der phyrictoginchen Optit, p. 

* Christophoras Scheiner, Pvthar Novel hisbonaos opticum, Ke. + Oenipont 
‘(Cnewpreck), 1619. 

I eee eae Saberornnt apa 1827. 


"Pransetions, 1601, Tp. £8, and PAidon, Tronaactions, 1805, 
Werks of the late Th. Youny, elited by G, Peacock, vol. 
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We may say that the discovery of the part played by the erystal- 
line lens, in the act of accommodation, is one of the finest achievements 
of modern physiology, and the theory of its working is certainly one 
of the most firmly established; for not only have savans furnished 
Tncid and mathematical proofs of its correctness, but all other theories, 
which have been advanced as explaining accommodation, have been 
easily and entirely overthrown. Thus, the doctrine of accommodation 
forms the perfect complement of the doctrine of the refraction of the 
‘eye in a state of repose, 

The fact that the eye is accommodated, for near vision, by an 
increase in the curvature of its crystalline lens, ix, then, incontestably 
proved. We are now interested to know how this change of form is 
brought about, In order to solve this problem, we must first bear in 
mind the topographical anatomy of the crystalline Jens, and then 
observe attentively all the changes that can be shown to take place 
in these parts, when the form of the crystalline lens is modified during 
accommodation, 


Axatomy or THe Ciuany Rucion or tus En 


‘The portion of the ocular globe which is concerned in the act of 
accommodation is the region comprised between the base of the cornea 
and the ora serrata, This is where the charncter of the sclerotic tissue 
changes, becomes transparent—in short, becomes cornea, from the 
yenous space known as Schlemm’s canal (¢ 5, Fig. 67). 

Posteriorly, the choroid is distinguished from its anterior zone by 
the ort serrate (Os), which is situated about 6 millimetres from the 
circumference of the cornea, This posterior portion of the region ia 
ealled the ciliary cirele, 

Anteriorly, this zone acquires a more considerable thickness, is 
| eontinaous with the iris, and enters into close relation with the 
| sclerotic. Tt may be regarded as composed, at this Point, of two con- 
| centric rings; one internal, plaited, black ono, corresponding by its 

inner face to the crystalline lens, and described by the name of the 
| ermen ; the other external, concentric with the first, and known 
} as the ciliary muscle. The ciliary crown and ciliary muscle, together, 
constitute the ciliary body, the anterior portion of the choroid zone, 
| ‘At the border of the anterior chamber, i.c,, in the angle included 
‘between the base of the iris and that of the cornea, Descemet’s mem- 
brane is found to be converted into a plexus of fine fibrils, which are 
in direct and intimate relation with those of the sclerotic, the ciliary 
snuscle, ciliary body, and of the iris.* 
* Waldoyer, in Grecfe and Ssemisch, Handiuch, I., p. 226. 
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The lacunse of this tissue, which anastomoses with each other and 
communicate directly with the anterior chamber, form Fontana’s space 
(e F, Fig. 67, and ¢, Fig. 68). 





Anterior portion and ciliary bo of Roles C, — 
SeUlemn’s canal 0, oa serrata: Tp, pectin “Fk 
thane epace 2, tendinoos ring; m, meridional 

circular bres ofthe cillary miusle; mone of 


"The full Uns indiente the erystaline lew, Se . 
state of reat; tho dotted lines show the aame in a rie 
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Some of the above-mentioned fibrils are reflected upon the anteriar 
face of the iris, and constitute the pectinated ligament (lp), The 
ciliary muscle, or lose themselves in the walls of 
the vascular plexus known as Schlemm’s canal. 

junction of the posterior surface of the cornea with the 
sclerotic, between the fibrous border of Schlemm’s canal, the insertion 
of the iris and the anterior portion of the ciliary body, is found a 
tendinous ring, described by Gerlach? (T, Fig. 67). The connective 
and clastic tissue, of all the parts here met with, contribute to its 
formation. ‘This fiem ring constitutes the tendinous origin of the 
ciliary muscle. 

The ciliary musele forms another ring, external to the ciliary 
crown, Jt has the shape of a triangular bundle, upon meridional 
section (Figs. 67 and 68). Its shortest side corresponds, in front, to 


! 


‘The fibres of the ciliary muscle may: be divided into three parts :— 
1. The most powerful layer (m, Fig. 67, and f, Fig. 68) is nearest the 


dissociated, change direction, and terminate principally in the con- 
junctival lamelle of the lamina fusca, This portion of the choroid 
therefore represents the tendon of the meridional fibres of the ciliary 
muscle. 

2. The second part (r, Fig. 67, and g, Fig. 68) of this muscle 
contains fibres which are less intimately connected with each other. 


those which approach the shortest side of the muscular triangle, and 
radiate toward the centre of the globe, 

Hence the fibres of this portion of the muscle terminate near the 
posterior surface of the ciliary body, 

3. Tho third part of the ciliary muscle is represented by the 
annular muscle of Miller (c, Fig. 67, and A, Fig, 68), Tt is composed 
of circular fibres, which form a ring parallel with the base of the 
cornes, and of which a section is seen in our figures, They corre- 
spond to the shortest side of the triangle formed by the ciliary muzele, 
and give, to the sclerotico-ciliary angle of the muscle, a shape pro- 
portionately less acute as they ure more numerous, 

| | Bes, on this toes Kiker, Bement of Human Hiseeny 
© Gerlach, Heitrange sur normalen Anatomie det menachlichen Avges: Laiptig, 1880, 
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(Ciliary muscle of a strongly myopic eye (after Iwancff) 
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fibres have likewise diminished in number. This peculiarity of the 
muscle would, according to that author, be characteristic of axial myopia. 

The other extreme is represented by those eyes in which the 
circular fibres are so highly developed that they form a third of the 
ciliary muscle. In this case the sclerotico-ciliary angle becomes 
obtuse * (Fig. 70). According to Iwanoff, it is especially in hyperopic 
eyes that this form of the ciliary muscle is met with.* 

‘The entire ciliary muscle is, a8 we have said, included in the 
ciliary body. The inner portion of the latter is formed by the ciliary 
processes, These processes, about 78 in number, take the shape of a 
crown of radiating folds directed forward toward 
the axis of the eye (P ¢, Fig. 71). 

The crystalline lens is suspended in the ring 
formed by the ciliary body, and is kept in place 
by the zone of Zinn, 

The zone of Zinn is not 2 membrane, az is some- 
times said, but an agglomeration of fibres having 
the nature of connective tissue. They take their Pe Os 
origin, partially, at the ora serrata, from the ciliary Fis, 71. 
portion of the retina, more especially from its othe aan, eal 
internal limiting membrane (Merkel and Gerlach), an ‘eon 

‘Most of the fibres of the zone of Zinn, how- fm alin Fe 
ever, arise from the intervals between the ciliary ing the ciliary crown ; 
processes, and a few of them from the ciliary {2.0m “qa (ster 
processes themaclves (Fig. 67). Those fibres, of Berni, Handbuch, 
the zone of Zinn, which are situated farthest Vr 2") 
forward, direct themselves at once upon the anterior surface of the 
crystalline lens. The shorter ones all have a meridional direction, 
and attach themselves to both surfaces of the crystalline lens, where 
they become part of the capaule (Fig. 72). 

But, with the exception of those situated farthest forward, which 
pass directly to the anterior face, and the most posterior ones, which 
go directly to the posterior surface of the lens, these fibres intercross 
in such a way that those coming from behind are attached to the 
anterior, while those arising in front are attached to the posterior 
surface of the crystalline, 

Hence no cireular canal exists about the equator of the crystalline 

* Iwanoff, lor, cit., p. $78, Fig. 7. 

Seren reas meen bones, ond mente fink, wink Tnenof fos fxm fo 


(laternat, Med. Congress, 

ihe, Now York, 1875), and Baca isag ea Leal b lapse ovine Soceeoc 
concerning the anatomy of ametropic ayes, until more oxtended investigation of the matter 
bas been made, 
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insertion is made by bundles of fibres, which have very minute inter- 
stices between them (Fig. 72). In this way is explained the com- 
munication which has been proved by Schwalbe and others to exist 
Letween the anterior chamber and Petit's space, There aro, here and 
there, between the zonular fibres, lacuna, which, in certain places, 
communicate with each other, 

‘The insertion of the zone of Zinn into the posterior capsule seems 
to be situated somewhat nearer the periphery of the lens? The 
union of this zone with the capsule of the lens is a genuine fusion, 
the tissue of the zonular fibres having tho same histo-chemical pro- 
perties as that of homogencous membranes. 





Pi 75, Fu. Th. 


We do not need to review the well-known structure of the 
crystalline lens, composed of flat fibres, joined together by the den- 
ticulation of their edges and passing, strongly curved at the equator, 
from one surfaces to the other, Fig. 7%, taken from Arnold's 
classical work, represents the crystalline lens of a new-born child. 
Tt is a side view, the anterior surface being turned toward the left, 
the posterior surface to the right. Fig. 74, from the same work, 
shows the posterior surface of the crystalline lens of an adult,? 

‘The crystalline lens, in its normal condition, is compressible, 
elastic, and capable of bulging, or of becoming more or less flattened. 
Ta the living eye, the erystalline lens has its least convex form when 
in a state af repose, becanse it is then subject to the traction of the 
zone of Zinn, which flattens it. When it is removed from the eye, 
or simply released from the influence of the zone of Zinn, as occurs 
when the latter is ruptured, or the lens Iuxated, it yields to its 
elasticity, and assumes its most convex form 


* Gerinch, foe. cit, pp. 65-68, 
* Amol, in Graofe and Saomisch, Handbuch, 1., p, 200, Fly. 0 
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‘When only one ciliary nerve is irritated, the contraction of the 
iris and ciliary muscle, and the advancement of the choroid, take 

only in one isolated portion. 

The changes of form in the crystalline lens, produced by the 
irritation of the ciliary nerves, were the same as those described by 
Langenbeck, Cramer, and Helmholtz as the cause of aceommodation. 
Hensen and Voelckers simply add, to the variations of images reflected. 
from the surfaces of the crystalline lens, other conclusive proofs in 
‘support of an increase of curvature in that organ. 

They introduced, through tho sclerotic and cornea, needles, one 
of whese ends, in each case, was in contact with either the anterior or 
posterior surface of the lens. 

Upon electrizing the ciliary muscle, the fre extremity of the 
anterior needle was carried backward, that of the posterior needle 
forwart, This proves conclusively that the curvature, of both surfaces 
of the lena, increases during the act of accommodation, The increase 
of curvature wus greater for the anterior than for the posterior surface. 
‘The latter was, however, marked enough to be observed directly 
through the opening made in the sclerotic, 

‘The equator of the Jens not being accessible to direct examination, 
needles were again employed, These, being implanted in it, indicated 
that, by a contraction of the ciliary muscle, it is caused to advance. 

‘The retina accompanies the choroid in its movements, as one may 
convince one's self by observation of its vessels. These movements 
of the retina, under the infiuence of the accommodation, scem to be 
proved also by the accommodation-phosphene—a phenomenon ob- 
‘served by Purkinje and Czermak. When, in a dark room, we suddenly 
relax our accommodation, we notice the appearance of a luminous 
cirele at the periphery of our field of vision. This sensation of light 
within the eye is to be ascribed to an irritation of the periphoral 
portions of the retina. The experiments of Hansen and Voelckers 
seem adequate to explain its production. At the moment when the 
traction of the ciliary muscle ceases (relaxation of the accommodation), 
the zone of Zinn quickly renews its tension, while the crystalline lens 
yields more slowly to the traction thus brought to bear upon it. In 
this way, the border of the retina, being closely connected with the 
choroid zone, is stretched and irritated by the sudden relaxation of 
the accommodation, until the lens has resumed its flattened form. 

The movement of the choroid, which has been pointed out by 
these two investigators, is of the highest practical importance. It 
explains the injurious influence which the accommodation must exert 
in affections of the deeper membranes of the eye. We see it especially 
in the production and progress of myopia, which is so often due to 

L 
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The zonule is seen to have the form of a series of radiating 
bandelets, alternately light («) and dark (0), The former correspond 
to the fibres of the zonule, which are situated most anteriorly, and 
hence exposed to the light in oblique illumination; the dark ones 
represent the re-entering folds of the zonule, which are not illuminated, 

The folds of the zonule are not in direct relation with the ciliary 

‘The latter are entirely free in the aqueous humor of the 
posterior chamber; they are, moreover, less numerous than the folds 
of the zonule, 

When the eye makes an effect of accommodation, the darker atria 
become broader, the brighter oncs narrower, 





(A), date of accommodation, PP ae aa 
mies ofthe decoy} CO and © quaioe of the erye: 
‘talline; advanced portion of the zone of Zinn 
Gighted Ls 4 Teantering {ola of ee aonb 0 of Zinn (in the shadow). 


‘The change in form, which the equator of the crystalline under- 
goes, manifests itself by the broadening of the dark cirele which 
characterises its border (C’C’), and which is due to total reflection of 
the light. The equator of the crystalline always remains at a certain 
distance from the ciliary processes. Hence there can be no question 


Mc 
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vision is entirely lost when the crystalline is removed, or withdrawn 
from the influence of the ciliary muscle, even though the iris remains 
entirely intact; while, on the other hand, accommodation may exist, 
‘even in the case of aniridy, when the iris is entirely absent (von 
‘Gmefe, Hjort, and others), 

It might be supposed that the variations in the diameter of the 
pupil, though not taking part directly in the accommodation, pro- 
perly so-called, possessed, nevertheless, some utility in modifying 
the luminous intensity of the retinal image, proportionately to the 
distance of the object of fixation, But Olber’s caloulations * prove 






illimetres, ry contraction diminishes the 
Tuminous intensity in the ratio of 37:3 to 17-5, whereas this intensity 
would increase only from 1-012 to 1-073 if the pupil remained im- 


Donders? has, moreover, obeerved that the contraction of the 


Té has been proved, experimentally, that a little more time is re- 
quired for the production of accommodation than for its relaxation, 
‘Thus Vierordt* finds that the change in adaptation from 18 metres 
to 0r1 of a metre requires 1°18 second of time, while the correspond- 
ing relaxation is brought about in 0°87 of a second. Aeby* estimated 
two seconds as the time he needed to change his accommodation 
from adaptation for a distance of 430 to that for 115 millimetres, and 
only 1-2 second as necessary for the production of the inverse change. 

All experiments and observations confirm Helmholt2’s theory as 
to the mechanism of accommodation, of which theory we repeat the 
statement, as follows ;-— 

The contraction of the ciliary muscle causes the sone of Zinn to ad- 
ance, and Us diminishes the traction exerted by the latter upon the 

The crystalline, abandoned to itself, assumes the form which 
the dasticity of its fillres naturally give it, and becomes more convex, 
especially its anterior surface, 

When the innervation ceases, the ciliary muscle is relaxed ; the ciliary 
processes become tense, cond stretch the sone of Zinn, which, in turn, 
flattens the orydtalline by exerting wpon it a traction in the direction of 
its equator. 

‘The nerves of accommodation, i.c., of the ciliary muscle, belong to 

% Olbers, De mutationibua ocull internia, Diss, inausuralie; GOttingen, 1780, 
* Donders, Pupilteenying bij Accommodatie. Arch v. Genees en Natuurk., ii, 
Vieworst, Arch. J. phywiol. Heil, N. P. 4, p. 17, 1857. 
* Asby, Zeitschrift 7, rat. Medicin, N, ¥, xi., p, $00, 1861. 
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If P be the distance betwoon the punctum proximum and the eye, 
the refraction, in a condition of maximum accommodation, is— 


rege 
This represents the maximum of refractive power possessed by 
an 


eye, 
The difference between the two, the range of accommodation, is 
therefore— 


Ps 
or, if P and R be measured with the metre, 
p ~ 7 dioptrica, 


The accommodation has the same effeet as a convex lens added to 
the eye. Let us suppose an eye devoid of the power of accommoda- 
tion: it is adapted to its punctum remotum F (Fig. 76), and will not 
be able to eve anything nearer than that—an object at P for inatance, 
The rays emanating from this point are too divergent to he focused 
upon the retina of such an eye. To render vision, at the distance of 
P, possible, the divergence of rays coming from P must be diminished 
until they have such a direction as will make them appear to come 
from the point 2, to which the eye is adapted. 





Fr. 76, 


Or, what amounts to the sume, the refractive power of the eye 
must be increased sufficiently to cause mys, which diverge from a 
point nearer than its punctum remotum, to reunite upon its retina, 
This effect is obtained by adding to the eye a convex lens, which 
diminishes the divergence of the riys given off from P, just enough 
so that they seem to come from 2, or, in other words, a lens which 
supplies the deficit in the refractive power of the eye. 

If P ia the punetum preetmum of the eye, the lens which makes 
vision at the distance HP possible has, therefore, the same effect as 


(ee 
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of which the eye is susceptible—the range or amplitude of accommo- 
dation, 

A, P, and B are linear values which can be expressed in either 

centimetres, or metres, If we express them in metres, we 
obtain the value of the lenses expressed in dioptries (p. 71). In this 
case we have for the range of accommodation the formula— 

4 an=p-rt 

in which a equals the number of dioptries represented by the range 
of accommodation; p equals the number of dioptries represented by 
the eyo when adapted to its punctum proximum,—that is to say, the 
maximum of refraction of which an eye is susceptible ; and 7 equals 
the number of dioptries represented by the eye when it fixes its 
punctum remotum,—that is to say, when it is at rest, and hus its 
minimum of refracting power, 

‘Let us take an example :— 

An eye, when at rest, sees distinctly at a distance of 50 centimetres, 
——in other words, its grcnctum remotum (R, Fig. 76) is 50 centimetres 
distant, or the distance R equals 50 centimetres st By bringing 
all its accommodative power into action, it distinguishes, clearly, small 
objects just at a distance of 9 centimetres, but not nearer. This is 
the location of its punctum prozimum, P. Hence P=9™—= 17 

‘The range of accommodation, therefore, in this case is equivalent 
toa lens $= 3-2 =so07 These 10:97 centimetres represent the 
foeal distance (A) of the lens which expresses the range of accommo- 
dation. 


Expressing our distances in terms of the metre, we obtain for 9 
centimetres 4", hence p=11'1D; and for 60 centimetres +, hence 
r=2D, and a=111—2=9-1 dioptries. 

An eye which, when at rest, is adapted to a distance of 1 has a 
myopia of 2D. If, with its maximum of accommodation, it is adapted 
to 9 centimetres, it represents 11-1 dioptries of positive refraction. 
‘The difference in refractive power, between the two, is the amplitude 
of accommodation. 

Range of accommodation in myopia—Suppose that a myope of 
three dioptries sees distinctly as near as 111 millimetres, tote; what 
is his range of accommodation ? 


* Landolt, The Introduction of the Metric System in Ophthatmology, London, 1876; 
and in De Wecker et Landolt, Traité complet, vol. |., p. 602. 
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which the refraction of the cye, at rest, may be expressed, becomes 
rorp_=s=0. 
Hence we have, for the range of accommodation in emmetropia > 


or 
a=p 

‘That is to say, the range of accommodation is, in this case, equal to 

the refraction presented by the eye, when it is adapted to its punclum 

proximum, 

We may express the same thing in still another way. 

The punetum remotum of emmetropia being at infinity, the lens 
which supplies the place of the accommodation in adapting the eye 
to its punctum procimum, ought to give rays coming from the punctwm 
procimum & parallel direction, as if they came from infinity, This is 
possible only when the focus of the lens and the punctwm proximum 
coincide, Henes the focal distance (A), of the lens which represents 
the mnge of accommodation, and the distance (P), of the punctum 

are, in this ease, equal: A=P, Consequently, the refractive 
power of the lens (p), which represents the eye when adapted to its 
punctum proximum, is equal to the range of accommodation: a=p. 

Let us take an example -— 

emeeaenn nen © 8 iota of 125 millimetres, or + 


has « range of accommodation of + =e =~ or 8 dioptries : 
a=p-8 ae 


and an emmetrope who has an amplitude of accommodation of 5 
dioptries sees at the focal distance of 6 D= +7 or 20 centimetres, 

Range of accommodation in Hyperopiz.—Let us now take the case 
of s hyperope, and determine his range of accommodation. Suppose 
that his punctum provimum, like that of the emmetrope in the pro- 
coding case, be 125 millimetres or + distant. 

‘His range of accommodation must necessarily be greater than that 
of the emmetrope. In order merely to render himself emmetropic, 
the hhyperope has been forced to exert an effort of accommodation to 
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of a hyperope of 3 D, who commands 8 D of range of accommodation ? 
We shall reason as follows :— 

If he have a hyperopia of three dioptries, he must first expend 
3 dioptries of his accommodative power before his eye will focus 
parallel rays upon its retina, There remain, therefore, 5 dioptries 
with which to change his adaptation to that for a finite distance, 
This distance will be equal to the focal distance of 5 dioptries, ie, 
200 = 20 centimetres, or with our formula— 

a=ptn 
We deduce from this— 


p=a-r=8-3=5D, 
or, again, with Donders’ formula : 


sk e 

A-PTR 
WY ee a ees et 1 
Pi Ro Rs= 33=" 190= 

In hyperopia it may also happen that, although possessing a 
certain amount of accommodative power, the eye does not succeed in 
seeing at a finite distance. This is the case when the range of 
accommodation is less than the degree of the hyperopia. Here the 
accommodative power eucceeds only in diminishing the degree of the 
hyperopia—in increasing the negative distance of the point to which 
the eye is adapted and in bringing it foward infinity, but not in 
causing it to pass to the froné of the eye, at a finite distance. 

‘Thus, an eye which is hyperopic by 5 D, having a range of 
accommodation of 3 D, will succeed in correcting a considerable 
portion of ita hyperopia. Butits refraction will always be 2D weaker 
than emmetropia ; it will always be hyperopic, negative, é., adapted 
to rays converging toward a point behind the eye. Its power of 
refraction, in a state of rest, is expressed by r= —5 D; its range 
of accommodation by «=3 D, aud its refraction, during adaptation to 
its prenctem promimum, by— 


paat(-r)=a-re3-5—-2D, 


The puncte provimum will therefore be at—", ic, 60 centi- 

metres behind the eye The same result is obtained by Donders 
mele ey 13 

1 1 ar 

prat(-k)-a7 7 5337 267 ~ 50 


hence 


P= ~ 50 centimetres, 
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in the same degree as the myope or hyperope. It depends solely upon 
the age, and follows a well-defined law which Donders has pointed 
out,* This law is explained by the curve rr in the diagram (Fig. 77). 

‘The figures placed horizontally at the top of the diagram, corre 

sponding to the ordinates, indicate the age; the figures at the left, 

the absclases, stand for numbers of dioptric, The curve rr 
worresponds to is xeliacsion of the eye when at rest. As has been 
said above, r=g which designates the static refraction of the eye, 
is equal to zero, in emmetropia, because, in this case, R= co. Itis 
for emmetropia that this scheme was originally drawn, 

Hence the line r commences at the zero-point of the division, Itis 
straight and coincident with the zero-line until just before reaching the 
oninate 55, where it commences to descend and enter the negative por- 
tion of the diagram. This indicates that, between fifty and fifty-five 
years of age, the refraction begins to diminish, and becomes negative for 
the emmetrope, ie, he becomes hyperopic. His punctum remotum 
changes its position and passes from infinity to the rear of the eye; R 
Leoomes negative, and, consequently, k =ralso, 

At sixty years of age, the refraction has diminished one-third of a 
dioptry. The punetum remotum is about 3 metres behind the eye. 
At the age of sixty-five, the static refraction is {ths of a dioptry, at 
sixty-cight one whole dioptry, and at eighty years of age, 2°25 below 
what it was before the age of fifty-three years, At eighty years of 
age a person who was emmetropic up to the age of fifty-three, is 
hyperopic by 225 dioptries, and his gnenctum remotum ix 1 = 444 
millimetres behind the eye. 

In the case of myope, the curve rr is exactly the same as for the 

The diminution of static refraction is the same; only, the 
position of the punctum remotum, in the two cases, is not identical, 

Tet us suppose a person to have a myopia of 3 dioptries, We 
shall only have to carry the curve rr into the positive portion of the 
diagram (since myopia represents an excess of refractive power), and 
cil eile Iced We shall then notice that, up to the age 

of fifty-three, the myopia remains equal to 3 dioptries ; that thereafter 
it diminishes in like proportion as the acquired hyperopia of the 
emmetrope increased; and that, at the age of eighty, the curve rr is 
one-fourth of a division below the line + 1, i«, the myopia ia of 0-75 
dioptry. It hss diminished by 3—075 = 2-25 dioptries, like the 
refraction of the emmetrope. 


* Dunder, foc. eit, ps 204, 
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The refractive power of the entire dioptric apparatus of the eye 
diminishes, necessurily, with that of the crystalline. 

B, Dynamie Refraction—If age has a certain influence upon the 
refraction of the eye at reat, the static refraction, that which it exerts 
upon the dynamie retraction, or accommodation, is still more powerful. 

The accommodative power of the eye diminishes with advancing age ; 
the punctum proximum gradually recedes, But, while the influence of 
years, upon static refraction, makes itself felt only at a somewhat 
advanced age, the diminution in dynamic refraction manifests itself aa 
early as at the age of ten—that is to say, at the earliest age at which 
it has been possible to make conclusive experiments relative to this 
matter, 

The punctum provimwm recedes, then, and the refraction which 
the eye possesses when it brings all its accommodative power into 
play, diminishes proportionately. 

Donders represents, by the curve py of his diagram (Fig. 777), the 
refraction of the eye when adapted to its punctum proximum, ic. the 
maxima of refractive power to which an eye can attain at different 
periods of life, 

The first figure given by the curve is, at the age of ten years, four- 
teen dioptries. ‘This signifies that a child of ten can, by bringing all 
his accommodation into play, increase the refractive power of his eye 
by fourteen dioptrica, ‘ 

From this point on, the curve pp falle rapidly. At thirty years, 
the accommodation, being now only seven dioptries, has already 
ditninished by half. 

Between sixty and sixty-five years this curve pp reaches the zero 
line, £4, the prnetum proamum is now as distant a3 the punctum 

| remotum formerly was. A person who has been emmetropic until 
toward the age of fifty, and who has become hyperopic in consequence 

| of the senile change in his crystalline, still barely succeeds, at the age 
of sixty-seven, in correcting this acquired hyperopia, except only by 

| bringing into play ail the accommodation at his command. He can, 
however, no longer bring his punctum proximum within infinity. 

From this ageon, the curve pp descends more and more below the 
zero-line,—that is to say, the punctum provimum is now farther from 
the eye than the punctum remotim was before the age of fifty-three 
years, The refractive power of the eye, during its maximum effort of 
accouumodation, is now lees than it was before, when the eye was at 
rest. An emmetrope becomes hyperopic by 0°75 dioptry, at the age 
of sixty-five, and, even when putting forth all the accommodation 
power at bis disposal, he still has remaining 0:26 dioptry of hyperopia. 
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Therefore, if it be not the first, it must be the latter which ia at fault 
when accommodation diminishes, This is, in fact, the generally ad- 


physical 

‘the contraction of the ciliary muscle may be, and however complete 
the relaxation of the zone of Zinn, the form of the crystalline lens 
varies less and less under their influence ; and, with its convexity, its 
refraction, during the extreme effort of accommodation, differs less and 
Jess from that which it possesses whon the eyo is at rest. In other 
words, the range of accommodation diminishes as age advances. * 

The change in the amplitude of accommodation is the same, what- 
ever be the refractive condition of the eye. Emmetropia and ame- 
tropia, without regard to the degree of the latter, are alike subject to 
the laws governing the range of accommodation at the different periods 
‘of life. Donders’ diagram is applicable to all refractive conditions, 
‘The one that we reproduce corresponds to emmetropia, since the curve 
x commences at the zero-line (0 dioptry). 

For ametropia, we have only to displace the zero-line conformably 
to the condition of static refraction, as wo have done above. Thus, 
for a myope of 6 D, the curve rx would commence at the number + 6, 
ie, six divisions above the zero-line, and would terminate between 
+ dand 3, at the right. The curve p p would commence 14+ 6=20 
divisions above the zero-line (in which case it would be necessary to 
enlarge the scheme), and would descend as in emmetropia. At sixty- 
three years it would have reached the line 6, and at seventy-three 
years it would have become one with the curve r r, between five and 
four 

But, although the range of accommodation is equal, the position 
of the punctwm proximum is evidently not the same for every con= 
dition of static refraction of the eye. ‘The latter depends, as we have 

| ee pe oommotrn. The distance 
| the punctum proximum and the eye equals P, iv. the focal 
raed a lens which represents the refractive Passe of the eye ab 


‘a state of maximum accommodation ; Pat, or p= > Let us take 


ateey apne 
the puncfum proximum of an emmetrope at the age of 


thirty? This degnesot too able the table tell us that at this age the range 
‘of necommodation (a) amounts to seven dioptries In the case of an 
eimetrope we have 7=0, hence p=e—0=a=7 D, and P, the focal 
alla a= 14 


Dowden, alies, de, p. 206. Schnabel, Arch. f, Avgen- und Ohnenhellh., 
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finite distance. In our example we shall say: The punefum provimum 
being at a distance of P=", the refractive power presented by the 
eye is p= 5 dioptries. Having been, when at rest, three dioptries 
below the zero-line—ic, — 3 dioptries—the range of accommodation 
(a) must be 5 + 3 =8 dioptries. It will be remembered, in fact, that 
for hyperopia we had the expression a=p-+r. To possess eight 
dioptries of range of accommodation, a person must not be more than 
twenty-seven years old, aa is demonstrated by Donders’ diagram, 


Finally, the problem may be stated in a third way. We may ask, 
what is the refractive condition of a person who, at fifty years of age, 
still sees distinctly at a distance of 11 centimetres? 

We know the value of «, tho range of accommodation. It is 2:5 
dioptries at the age of fifty. We know, too, the value of p; that is, 
we can deduce it from P = 11 coutimetres: p = $= 4, = 9D. We 
have to find the value of r, which wo got as follows:—The refractive 
power p, represented by the eye when it is adapted to its punctum 
proximum, is greater than the range of accommodation which corre 
sponds to the age given. The surplus can be due only to the static 
refraction of the eye. In other words, tho eye when at rest must 
have been adapted to a finite distance—ie., it must have been 
myopic. And the degree of myopia is given by the difference between 
the refraction of the eye, when adapted to its punctum pravimum (p), 
and its range of accommodation (a); r=p—-a=9-—25=6%5 D, 

Hence tho person in this example has a myopia of 6°5 dioptries. 
The same mothods of calculation are applicable to emmetropia and 
hyperopia. 

‘Recarirvnation. 


The average refractive power of the dioptric apparatus of the eye may be 
compared to that of a lena having a focal distance of 20-713 millimetres, 
oF gyi = 4827 dioptties of refractive power. 

‘The purpose of this dioptric apparatus ix to form distinct images upon 
the retinn. This is the reason why it is generally considered together with 
‘ite relations to the retina, and, when speaking of the refraction of the eye, 
we have in mind the direction of luminous mys relatively to the situation 
of the retina Thus we have seen that, without any change in the refractive 
power of the dioptric apparatus, that which we term the refraction of the eye 


varies. The eye is hyperopic, emmetropic, or myopic, according ax the 
‘potina is near to, or farther from, the dioptric system, 

‘The mowers of the refraction of the eye cannot be the focal distance 
‘of itm dioptric apparatus, which distance depends solely upon this apparatus, 
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dioptries. Tn gonoral, to seo n (virtual) object, situated X motres behind 
tho eye, ¢ dioptries of negative refraction are necessary, 

Whan at rest, the eye is adapted to ite punctum remotum, At this 
moment, therefore, the punctum remotum is the first conjugate focus of the 
eye, This is the way in which wo have expressed the refraction of the oye 
at rest, the stafie refraction ; by a fmetion whose numerator is 1 metre, 
and whose denominator is tho distance (R), expressed in motres, between 
the punctum remolum and the eye, By performing tho division, wo obtain 
the static mfmetion, expresiad in dioptries, which we call r. 

As long os the punctum remotum is at a Anite distance, the static 
refraction of the eye is positive, * 

‘This is what characterises wvoris, If the punctum remotum be ab we 
wo hava R= gy and r=s5y--=20D; that is to aay, tho static roftetion 
equals + 20 dioptrieas If the punclum remotum be 2 metres distant, the 
static refraction amounts to } D. 

When the pusetum remotum ia at infinity, as in eMaterRopia (R=), 
the refraction is 2.0, That is the reason why cmmetropia may be ex- 
pressed by 270, 

When the punctum remolwm, the first conjugate focus of the eye at rest, 
‘in beyond infinity, ic, when it appeara bebind the eyo, its distance (R) 
from tho oye, as well as tho rofruction of the latter, is negative ; — t= 7. 

Tt is for this reason that mrranoria takes the minus sign, An eyo 
at rest, adapted to a point 4 metres behind it, has a negative static 
refraction of } of w dioptry; it has n hyperopia of 0:25 D. When its 
grinctuin remotwe ia of a motro behind the eye, the refruction of the latter 
is—5 D, and, if it bo in a state of reat that the eye has this rofraction, we 
say that ils static refraction equals ~ 5 dioptries (hyperopia of 5 D). 

‘The refraction of tho eyo at rest can bo increase by a muscular effort, 
the accommodation, To ita static refraction the eye adds, in this case, a 
prvamic RerRactiox («). At the moment of ite maximum of accommo- 
dation, the eye evidently prevents the groatest amount of refmetion of 
which itis susceptible, since it has added all its dynamic refraction to its 
‘static refraction, 


‘Honeo, in this condition, in which tho rofmction of the aye reprosents 
the sum of tte static and dynamic refraction, the eye is adapted to the 
‘anéarest point that it can eee distinctly, This is the puNcruM PROXIMUM, 

‘Tho punctum proximum is therefore, in thie ease, the first conjugate 
Socns, wind ite distance (P) from the eye gives the measure of the maximum 
refraction (P) of which the eye ie susceptible. Kach is the invorse of the. 
other pap 

! As eye whieh, on bringing all ite accommodation into play, is adapted 
to } of a metre, has ee <5 Wioptries as its maximum refrmotion, P=4=5 
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refraction. Thus, in our example, a myope of 1D would noed 4D of 
dynamic refraction (accommodation) in ordor to realise the 5 D called for, 

When the static and dynamic rofmetion, togothor, do not make up tho 
amount necessary for vision at a certain distance, the deficiency must be 
supplied by a lens of positive refractive power, i.e, by a conver glass. This 
glass must be considerod a3 added to the static refraction ; for neither is 
susceptible of modification. But it really comes to the wid of the dynamic 
rofmetion, for it performs a certain amount of work which, without ite inter- 
vention, would have devolved upon tho accommodation. 

Let us suppose that our myope of 1D has at disposal only 2D of 
dynamic refraction. Ho will have thon, altogether, p=14+2=3 D, a 
he neads 5. Hence he still lack 2, We will give him, 
conyex glass number 2 to make up the requisite ‘number of dioptrios, _ 
vormly, if the static refmuction is too strong, it is to be diminished by a 
negative (emeave) glass 


CONVERGENCE. 


If vision were effected by means of one eye only, we should know, 
now, how this vision could be adapted for long as well as for short 
distance. There would be no point from beyond infinity up to within 
a very short distance from the eye, to which we could not adjust the 
fioptri 

Bat man generally sees simultaneously with two eyes, and, for him, 

| this binoenfar vision hos considerable advantages. Binocular vision 
means the union, in one single impression, of the retinal images received 
simultaneously by both eyes, In order that this may be obtained, 
each eye must, at the same time with its fellow, receive upon its fovea 
centralis a distinct image of the object looked at. Hence it is necessary 
‘not only that each eye possess the optical adaptation to wares 
of the object, which is indispensable to the distinctness of the i 
But also that both Hines of fixation be directed toward the object looked 
at, whieh is easential to the union in a single one of the imuges of the 
two eyes, 

The direction that the eyes must give to their lines of fixation, in 
order that they way be simultancously directed toward the point of 
fication, is called CoxvERcENce, 

Tn order to eee, binocularly,an object eituated at infinity, the lines 
‘of fixation converge toward infinity—that is to say, they do not con- 
‘verge at all in the ordinary acceptance of the term ; they are parallel, 
‘The nearer the object is, the more the lines of fixation must converge, 
the more the eyes must be turned inwards, 

Af the object moves on the median line, i. in a line perpendicular 
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to the middle of the base-line (which unites the centres of rotation of 

the two eyes), the convergence is always the same for each eye. Hence 
it is nif when tho lines of fixation are parallel, 
and it increases in proportion as the object 
approaches, It is measured by the angie 
through which an eye turns when it aban- 
dons this parallel direction and fixes the object 
situated on the median line, This angle we 
call the angle of convergence, 

Let O and O' (Fig. 78) represent the 
centres of rotation of the eyes; OO" is the 
ba int, M the middle of it, and MC the 
median line. When the lines of fixation 
(OJ and O'J’) are parallel, the angle of con- 
vergence is/nil for each of the eyes. When 
they fix the point C’, the angle of conver- 
gence, for the left eye, is JOC’ or OO M. 

The size of the angle of convergence 
depends, on the one hand, upon the lengtl: 
of the base-line O 0"; on the other hand, 
upon the distance of the object. The bas- 
line having a constant value for ench indivi- 
dual, we may regard the angle of conver 
gence as depending solely upon the distance 
of the object. In proportion ax this distance 
diminishes, the angle increases ; the nearet 
the object approaches, the more convergens® 
is required in onder that it may be seen lb 
nocularly. Hence we may say that the angle 

F convergence is inversely proportional to the | 
distance between the object fixed and each of 
the eyes. | 

When the eyes are directed straight fer 
ward, the convergence of each is = 2; when 

Fro. 78 they are directed toward a point, on the 
edian line, 2 metres distant, the comyer 
a point 1 metre distant the conyersenss 


ne Se 
iso=+=1; at+Sitise=} 


obtain numbers with which to express the effort of 
convergence. 1¢ unit, ¢ = 1, is the angle of convergence necessary i 
order to fix simultaneously, with both eyes, au object sittated on the 











gence of cach is ¢ = } 








and for F itise= b= 8. 





In this way 
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to Nagel" for the ingenious idea of rendering the monsuration of con- 
vergence so simple and, as we shall see, so practical. He calls this 
unit-angle the “ Meterwinkel,” metreangle, We shall designate it 


as ma. 

Convergence is, in this way, easily expressed. If we have to do 
with an object jth of a metre distant, we know that the convergence, 
requisite for binocular vision at this distance, is +=5m a; for S metres 
wo shall have ¢= ma, and so forth, 

Bat Nagel's expression has «still greater advantage. Let us recall 
the fact that the refraction necessary for distinct vision of an object 
is also the inverse of the distance of that object. 

Hence the refraction and convergence must increase and diminish | 
by an equal quantity, the inverse of the distance of the object, | 

They are both nif when the object is at infinity, | 

| If the object &* be 1 metre from the eye (C’=1 metre), the angle 
of convergence, OOM, is o= yx =1 ma, and the necessary rofme- 
tion x = jk = 1 dioptry. 

When the object is brought to within half a motre of the eye O 
(0.67 =*D,, the angle of convergence, OOM, is ;2-=2 ma, and 
the refraction 2= x7, = 2D. 

If the object be 4 of metre distant (0 0” =*), the convergence 
is JOC" or OC” M=3 ma, and the necessary refraction equals 3 D. 

If OC” be equal to 26 centimetres = } metre, the necessary 
convergence is 4 ma (J 0 0"), and the refraction « = 4 D, 

If the object is 3 metres from the eye, the convergence is 
6 =} = 0933 ma, and the rfmetion # = 0-333 D, 

By adopting the same unit, ic, the metre, as the measure of both 
refraction anid convergence, Nagel succeeds in always giving these 
functions, whose purposes are analogous, the same expression, The 
two ought, indood, always to be equal. 

‘Tt was of capital importance to establish the equality of the con- 
vergence and refraction necessary for binocular vision, and to give 
them a ready measure and a simple expression, 


‘Tho sbeolute value of tho anglo of convorgonco ia calculated in the 
— 

We designate OM (Fig. 78), i.c., half the baseline, by }, and the 

* Nagel in Gmafo and Saeminch, Handbueh, VL, chap. x pe 478 ot aye 
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distance O C’, from the eye to the object, by C’, The angle of convergence 
in this case is QO @’ M. It is determined by the expression— 
" _} 
snOCM= TC 


And if we suppose C’ equal to 1 metre, the metric angle will be expressed 
by— 


1 
ma = are sin 2 


T= 
If we designate the different distances, from the object to the eye, by C, 
c’,C”, and C” . . . wo can construct rectangular triangles O C M, 


Oc’M, OC"M, and O CM, whose common base is 6. From these we 
derive the formulas— 


b=C. sinO@M=C", sinOC’M=C”. sinO C’M=C™. sinOC™M... 
For the small anglos with which we are really dealing, the sine may be 
regarded as oqual to the angle, and the equation becomes— 
b=C.00 M=C".0@’M=C”.0C’M=C".0C"M... 
Letting 6 = 1, we obtain— 
Angle OC M= 


1 
fou 
that is to say, the angles of convergence are the inverses of the distances of 
the object from the eye. 

If 


C’=1", the corresponding convergence is ¢ = far ma. 


» OC'M=L, &., 


1 
” ” cnt noma. 
+ 





” ” e-1=3ma 
i 

” ” c=ymtma 
t 


i 20 1™ , 
If C= 20% = 20 = 1%, the convergence is e=5 m a. 





If C=12 metres, the convergence is cmb ma. 


‘As we have said, and as follows from the formula for the metre-angle 
the absolute size of the latter depends, for each individual, upon the baseling 
i.e., upon the distance between the centres of rotation of the two eyes. 


4 Nagel, loc, cit, p. 479. 
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Nagel has calculated the metreangle for the different lengths of the 
base-line, that aro to be met with, 
‘The following are tho results of his calewlations :— 


Value of the Angle of Convergence at the distance of 1 Metre 
(Metre-Angle) for different lengths of the Base-Line. 
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50 and 75 millimetres aro the two extreme limite of separation between 
the two eyes. 

Taking 64 millimetres as the average, Nagel finds, for the different 
distances of tho object of fixation, the angles of convergence marked in the 
following table (imge 190)*, 

‘He calculated these angles in two ways : firet considering the angles and 
their ines as oqual (23 we huve done in tho preceding digcustion), and 
gain by taking into account their sines. The latter method was important 
aera ce a ercoe se night bare resulted from. 
}of the other method. It will be seen that such errors 
mii, be disregarded, inasmuch as the difference of the angles 
‘thus caleulated exceed 1° only for a distance of 6-66 centimetres from the 
- @Y8, OF 5°85 centimetres from the hage-line, fe, in a casa which is very 
pase ite mri in pmetice. 

p 48}, 2 [bid., Too, eit, p. 482. 
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ed between the maximum and the amini- 
susceptible. 


Tt is necessarily compri 
muent of convergence of which a pair of eyes 
The maximum of convergence is the inverse 
of the distance between the nearest point, which 
can be fixed binocularly, and each of the eyes. 
Tet P (Fig. 79) be this punctum provimum 
of convergence. If we designate the distance 








OP by P, the maximum of convergence is >, 
or p metre-angles if we measure P with the 
metre. 

The minimum of convergence is the inverse 
of the distance between the farthest point, 
which can be fixed binocularly (punctwm 
remotium of convergence), and each of the eyes. 

Lat & (Fig. 79) be this point, and O R=R 
tmetres the distance which s¢parates it from 
ench eye. The minimum of convergence will 











be expressed by jy ar r metre-angles. 





The difference between these two values 
is, a3 we have said, the amplitude of conver 
gence. 

Wo designate it by a, and express it in 
metre-angles by 





a=p-1, 


Tf the distances P and R are not reduced 
to metre-angles, the maximum and minimum 
of convergence are expressed by the fme- 








tions and j ‘The amplitude of conver- 


gence which results from the subtmetion of 
these two fractions is then, necessarily, also 





a fraction: 2, in which A represents a certain 
number of the same linear measure by which Fu 79, 
P and R have been measured. 

It ix the inverse of the value a, just as P and R are the inverse 
of p and . 

Tt will be seen that one obtains, in this way, for thea 
vergence, the same expression as for the 

It cannot be otherwise, since the two functions are estimated 
acconting to the same principle. The small letters signify, in both 
cases, the total amount of the function (a), its maximum (p), and its 


aplitude of cou- 





plitude of accommodation, 
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minimum (7). Only, for convergence they are metre-angles, and for 
accommedation motre-lenses (as 
Nagel calls them) or disptrics. 
The capital lotters express their 
reciprocals in linear measure: A, 
the focal distance of the lens 
which equals the total amount 
of accommodation, or the inverse 
uf the angle of convergence 
which represents that of con- 
vergence; Pand Rare the dis- 
tances of the punctume pruciman 
and punetum remotum of the 
two functions. 

In order to be able to dis- 
tinguish, in a doubtful case, 
whether accommodation or con~ 
vergence is referred to, we shall 
add, to the signs A, P, R and 
a,p,r, 0 small a for accommo= 
dation and a small ¢ for con- 
vergence. 

Thus P* will signify the dis- 
tance of the punctum proniuum 
of accommodation, s* the mini 
mum value of convergence, and 
80 forth. 

The punctum remotum of 
convergence is only very seldom 
{and then in pathological cases) 
situated at a finite distance 
as it is shown in the preceding 
figure, 

Sometimes it is situated exactly at infinity, that is to my, the 











Fr. 30, 





two eyes can be directed parallelly, but cannot diverge, Ris then 
equal ‘to «cand the minimum of convergenco— 
a 
Ve ar 


But the majority of normal eyes can even diverge more or less. 
To this case, the punctum remotum of convergence is no longer 
situated in front of, but Jehind, the head, at the point — 2 (Fig. 80) 
whore the Hnes of fixat backward, This 
convergence af the prolongation of the lines of fixation, which eor 
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responds to a divergence of the lines themselves, is necessarily 
negutive, Tt is therefore necessary to add the sign — to the distance 
Ras well as to the value of metre-angle (r) which corresponds to it. 
Negative convergence is therefore equivalent to divergence. In Fig. 80 
the minimum of convergence is represented by the angle JOD or 
—ROJ', and expressed by —r= -}- 

‘The divergence of the eyes cannot be realised simply with the aid 
of an object of fixation, since, however far away this may be carried, it 
cannot pass beyond infinity,—that is to say, it can diminish conver 
gence, at most, to zero, but not below; it cannot render it negative, 
ie, change it into divergence, 

In order to obtain divergence 
of the lines of fixation, we place 
before one or each eye a prism, the 
edge being directed toward the temple. 
Such a prism causes luminous rays, 
coming from distant objects, to deviate 
toward its base, and when there is one 
before each eye, the two force the eyes 
to diverge in order to receive the 
images upon their fovee centrales, 
Otherwise the object would be seen in 
homonymous diplopia. Prisms in this 
position are called abducting prisms, 

Let O and 0’ (Fig. 81) be the two 
eyes, and JS and J'S’ parallel rays 
given off from a distant object. The 
prism T will deflect the ray JS toward 
its base, giving to it the direction S R. 
‘Ta onler to receive this ray upon its 
Sovea centralis F, the eye O must, there- 
fore, diverge in such a way that its 
line of fixation takes the direction 
ODorOR So with the eye O', it 
will take the direction O/ 2 under the 
influence of the prism T’. 

‘The angle of deviation, FS Z, pro- 
daced by the prism T, is equal to the 
angle of divergence of the eye JSD 
erTOD. This angle is also equal to 
the angle of divergence ORM;—R 
ts in fact the negative punctum remotwm of convergence, if T and 
zx 
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The same is the case with all causes which diminish the strength 
of the muscles in general, and that of the muscles of the eyes in: 
particular. 

Tn short, notwithstanding the normal mobility of a single eye, the 
amplitude of convergence may be limited in consequence of dis- 
turbances of innervation, which alter the synergetic functions of both 

| eyes, their co-operation in binocular vision, 


ACCOMMODATION IN ITS RELATIONS WITH CONVERGENCE, 
1.—Binoeular Range of Accommodation or Amplitude of Binocular 
Vision, 


As we have said, and it is self-evident, perfect binocular vision 
requires tho correct direction of the eyes, and their perfect optical 
The accomplishment of the first of these two conditions 
depends, in the great majority of cases, only upon the motor nppanitius 
‘of the eyes, the function of which, for this purpose, we have designated 
as “convergence.” The optical adaptation is effected in different 
ways. For the distance of the punctum remotwm it ia given by tho 
static refraction of the eye. For shorter distances the dynamic 
refraction is added to it, and frequently even convex auxiliary glasses. 
Myopic eyes, on the contrary, require concave glasses for objects 
situated beyond their punctum remotum, 

The extent which a person commands with distinct binocular 

‘vision, without auxiliary glasses—thut is to say, where he is able to 
unite, with a given convergence, the same degree of refraction and 
convergence — this extent has been called by Donders the region of 
binocular accommodation, 
Since convergence plays in it a port as important as that of 
accommodation, it would be more correct to term this extent-the 
vegion of binocular vision, It is evidently limited by the nearest and 
the farthest points which can be seen binocularly and distinctly—by 
the penctum proximum and yrnctum remotum of binocular vision. 

‘If we express the distance of the first by P, that of the latter 
by #, and if we add to cach of them a small 7, in order to distinguish 



















1 iene 
RPK 
‘We can hore again express the reciprocal values in terms of metre- 
angles or dioptries— 


,=p,-Ty. 
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This parity of the effort simultancously required by the two 
functions in normal eyes has so bound them together that it is 
difficult to separate them from each other. If one of an emmetrope’s 
eyes be covered, and the other made to fix an object at a given 
distance, the eovered eye turns inward, and makes the same effort of 
as the uncovered one, Let a concave glass be placed in 
front of the latter: it is in this case forced to make a greater accom- 
modative effort in order to see the object distinctly, The covered eye 
not only makes the same effort of accommodation, but accompanies it 
‘with an equivalent movement of convergence, and turns inward as if 
‘the object had been brought nearer to it, through a distance corre~ 
sponding to the increase of aecommodation, 

Inversely, if the whole or a part of the accommodation of the un- 
covered eye be caused to relax, by means of a convex glass, the covered 
eye will diverge relatively to the distance of the object. 

Another first observed by Donders, is not less adapted 
to show the relations existing between the two functions. 

When we have hitherto spoken of the punctum prozimum of ae- 
commodation, it has always been a question of one eye only. In order 
‘to determine it, we covered one eye and brought the object of fixation 
toward the other, until it reached the nearest point at which it could 
be seen distinctly. 

Tf, in trying this experiment with a young emmetrope, we 
suddenly uncover the eye, we see it turning slightly outwards, as 

during the fixation of the other eye, it had squinted inward. 

in fact, the case. The covered eye was not then directed toward the 
object, but its line of fixation passed to the nasal side of the latter. 
‘This is easy to verify. One has only to cover one eye so that it 
cannot see the object, but so that it can be watched by the observer. 

‘The convergent strabismus, if we can so term it, of this eye, mani- 
fests itself by a homonymous diplopin at the moment when the eye 
is uncovered. In order to correct this diplopia, the individual ia 
obliged to carry the object farther off—what amounta to the same 
thing, to draw back his head, which he generally does involuntarily. 
Te follows from this that the binocular punctum proximum ia 
_ farther away than the monocular one, and that distinct vision at the 
distance of tho latter is obtaincd only by means of an exaggerated 
convergence. pee with @ person in a normal condition 
‘of sight, accommodation and convergence increase proportionally, he 
Sep ieig te s ot deine ve for one eye a little nearer, when, 
eye, he exerts an exaggerated effort of convergence, 
This fact, which is of vory great importance, not only for 
rs , but also for pathology, proves— 
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fectly adapted—that is to say, with 3 instead of 5 D—and would, 
therefore, see indistinctly. If, on the contrary, he employed 5 D of 
accommodation, he would see the object distinctly, but double, since, 
with the 5 dioptries, & metre-angles, i.e, two too many, are asso- 
ciated. This excess of adduction constitutes indeed a convergent 
strabismus, and is accompanied hy homonymous diplopia, 

‘The reverse would happen to a myope who was unable to 
dissociate the two functions required for binocular vision. If his 
myopia amounts to 2 dioptries, he requires only 1 D of accom- 
modation, in order to see distinctly at } of a metre. If he employed 
3 D—that is to say, as many as units of convergence—he would see 
the object binocularly but indistinctly, since his refraction would be 
too strong for that distance, If he accommodated properly with one 
dioptry and his convergence would be 2 metre-angles below the 
required degree, the object would appear to him distinctly but in 
crossed diplopia, since the insufficient convergence corresponds to a 


It would be putting a slight upon nature to assume that, incapable 


‘vergence 
feet, they would act only to disturb it. It may, orm 
for granted that, notwithstanding their intimate association, the two 
functions must be independont from one another to a certain degree, 

‘This is indeed the ease. A young emmetrope, for instance, still 
distinguishes clearly the some far point in spite of concave glasses, 
‘These Jenses, however, require a more or less considerable effort of 
accommodation in order that vision may not be rendered indig- 
tinet, while the direction of the eyes remains the same, the point not 
having changed its position. 

We can also overcome the effect of concave or tolerate weak con- 
‘vex lenses for reading at the same distance at which we read without 
ginsses—that is to say, we can vary our state of accommodation inde- 
pendently of the convergence of our eyes. 

‘The fet that we can see, distinetly and simultaneously, with both 
‘eyes un object situated at an invariable distance, in spite of glasses 
which necessitate a change in the accommodation, is proof positive 
‘that the relation between the latter and convergence is not absolute ; 
‘and the fact, equally easy to demonstrate, that such glasses can not 
exceed certain degrees, proves that the independence of the two 
functions exists only within certain limits.* 

eon The 
Newe Beliruege sur Physiologic des Gesichtesinnes, 1836, p. a, 
“Bieitrige su cen anat, wad physiol, Wissenschaften, by Vi 
: 146, vol. i. p. 37% 
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If it seem preferable to employ focal distances (which is not so 
convenient, but was inevitable at the time when Donders wrote his 
treatise, the system of dioptries not having yet been introduced into 

y), the distance of the relative punclwm prowimem will 
be called P,, the distance of the relative punelum remotum R,, and 
A, will be used to designate the focal distance of the lene, which is 
equivalent to the difference in the refraction of the eye, during accom- 
modation for the punefwm proximum or for the gonctum remotum. 

In this case the formula takes the form originally given it by 
Donders :* 
mt 1, 

PR 

2nd. Tho notion of a relative range of accommodation necea- 
sarily involves that of a relative range of convergence, This, too, ia 
equal, for each degree of accommodation, to the difference tre 
the redative maximum and the relutive minimum of convergence. The 
former may be determined by means of the strongest adducting, and 
the latter with the aid of the strongest abducting prism, whose 
influence can, without change in the accommodation, be overcome, 
Expressing the effect of these prisms in metre-angles, we obtain, for 
the relative range of convergence, the following formula :— 


a= yor 


Ls 
f 


Let us now turn our attention to the results of these investiga- 
tions, which results ee most clearly presented by the following 
dingrams (Figs. $2 to 

Fe Baia Mena (bests) are recorded the degrees of con- 
‘vergence ; on the vertical lines (ordinatse) the degrees of accommodation. 
‘The figures along the vertical line, at the left of the scheme, correspond, 
rch aed to units of convergence—that is to say, to metre-angles— 

ile the figures placed on the horizontal line indicate units of re- 
pie hep lade dioptries.* 

pas Seaspeceprh 110 English exlition, p. 98 German edition. 

his exporiments, 
‘fens avin a fecal dintauce of 24°, and each vortical division of his diagram corresponds 


) togeet refrsctire power (1:54 dioptry). ‘The angles of convergence are noted directly, 


| eo that the figures marking the divisions of the ordinates and absciswe do not, at first 
Seca se ‘iced alge ln male 


etter caak mount ty trate aces S cedernnt 
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Moreover, as was said above, the diagonal contains the points for 
which convergence and accommodation are, for emmetropia, in 


The yortical line which ascends from the diagonal toward the curve 
‘P, indicates the excess of accommodation disposed of by the eyes for 
the given degree of convergence, i. the positive portion of the 
relative range of accommodation. It equals the number of dioptries 
represented by the concave glass which could be overcome in spite 
of the degree of convergence. 

The vertical descending from the diagonal toward the curve 7, corre- 
sponds to the relaxation of accommodation, of which the eyes are 
susceptible for the given degree of convergence, tc, the negative 
portion of the relative range of accommodation. It corresponds with 
the strongest convex lena that was borne with this degree of con- 


‘vergence. 

At the zero-point the curve, in the present case, is between three 

and four dioptries, which signifies that, with zero of convergence, ic, 

the visual lines being parallel, the person under examination can still 

exert an effort of accommodation equal to 3:35 dioptries, Hence the 

from whom Donders obtained this diagram, could eee at 

a distance with concave glasses of 3°35 dioptries, without detriment 

to the distinctness of the retinal images. Or aynin, although directing 

his eyes toward a point situated at infinity, he could exert an effort 

‘of accommodation equal to that which he would make if fixing a 
point j-3,=30 centimotres distant. 

‘The curve r, on the contrary, coincides with the zero-point of 

convergence, which signifies that the emmetrope cannot further relax 

| his accommodation. We were already acquainted with this fact. When 

an emmetrope looks at a distant object, his accommodation is at rest, 

and, inasmuch ax negative accommodation does nbt exist, it ix not 

| possible to make the accommodation fall below zero, We readily under- 

| stand, then, what the dingrom illustrates, viz., that with zero of con- 

| vergence the positive portion of the relative amplitude of Acoommo- 

| dation amounts to 3:35 dioptries, while the negative portion is nil, 

Hence the entire relative amplitude of accommodation, for a parallel 

| direction of the lines of fixation, is, in this case— 

| 

\ 

| 


a, «3°35 -0=335 dioptries, 
conformably with the formula a,=p,—r,. 
When the eyes present a ‘coavergenCo of 3 moetre-angles, i, 
when they simultaneously fix an object = (333°33 millimetres) 
from each of them, the punctum proximum of the relative accommo- 
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2D, but they cannot render it equal to the convergence, In the 
example chosen, the person examined could cause his visual lines 
to converge towand a point 45 distant; he would then have ecen 
binocularly; but, the accommodation amounting to only 9°5 D, the 
point would have seemed indistinct. Or, on the other hand, he would 
have seen the point distinotly if it were 45 distant, but would have 
seen it double, since, in order to realise the requisite 95 dioptries of 
acoommodation, he would have been obliged to make an effort of 
convergence amounting to12. ma, The object is 1 from one of the 
eyes, but the line of fixation of the other crosses that of the first 
eye at a distance of 4 from it, Hence the object is soon distinctly, 
but double, 

‘The curve p, reaches its highest point at the horizontal line corre- 
sponding to the tenth division of the ordinates ; but it has now arrived 
at the eighteenth degroe of the abscissw. This means that the nearest 
point that can be seen distinctly is jth of a metre from the eye— 
the maximum accommodation of which the person is capable is 10 D, 
The point p (Fig. 82) is therefore the absolute punclum proximum, 
But this degree of accommodation is produced only by means of an 
effort of convergence amounting to 18 ma. ‘The lines of fixation 
4= from the eyes, while the eyes are optically adapted to 





At the distance of the absolute punctum prozimum of accommoda- 
tion, there is, therefore, no longer distinct binocular vision. There is 
either binocular vision, which is indistinct in consequence of the 

i of accommodation, or there is distinct vision, but homo- 
nymous diplopia, due to the excess of convergence necessary to 
produce the requisite accommodation, In the case under considera- 
tion, the convergence exceeded the aceommodation by 18—125 =55 
ma. Donders’ emmetrope had a base line of 28) Paris lines (64 
millimetres). The 5°5 metre-angles corresponded, therefore, in his case, 
to ten degrees for cach eye, which constitutes a convergent strabismus 
‘of twenty degrees, if the rotation inward be confined to one eye. 

Finally, we see that, at the point p, the curve for the punetum 
prozimum oud that for the punetwm remotum. coincide, The relative 
range of accommodation is therefore reduced to zero, The person 
examined succeeded in distinguishing, monocularly, a point 10 centi- 
‘anetres distant, by squinting inward forcibly with the other eye, but 
the could not have seen it with a concave glass, nor even with a 
convex one, without disturbing his convergence. 
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eyes can converge toward +, the punctum procimum of relative con- 


vergence. 
‘The latter, on the other hand, can be reduced to 05 ma, which is 
equivalent to saying that, notwithstanding the effort of accommodation, 
amounting to four dioptries, the lines of fixation can cross each other 
aba point situated 75 =2 ma, ‘This is the punetum remotum of rela~ 
tive convergence, 
Hence the relative amplitude of convergence, in our example, is— 

a 7-05 =65 ma, 

of the relative range of convergence amounts to 
Gelert OR Ss Ne aun to 35 ma 
(Go the loft of tho diagonal). ‘That is to say that the eyes, while 
maintaining the same accommodation, can overcome the affect of 
adducting prismns producing a doviation of 3 ma, and that of abduct- 
ing prisms requiring a tion af convergence equal to 3:5 ma. 

RIVE ed ae etvan/a Mlagramof Cio ralatirs ranges of aasorne 

modation and convergence of another emmetrope. The subject of 
this examination was Dr, Eperon, who, at tho time when it was made, 








‘was my clinical assistant, and twenty-six years of age. ‘The dotted 
eurves mark the results of the first examination ; the plain line curves 
‘were obtained from an examination made after his eyes had been 
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be excessive by eight dioptries; for an object 2 metres distant, by 
8—}=795 D; for an object 1 metre away, by 8—1=7 D; for one at 
4 metre, by S—2=6 D, Hence the myope must abstain from all 
effort of accommodation while the convergence increases from zero 
up to the figure which represents the degree of his myopia. From 
this moment on, the amount of accommodation brought into play will 
always be below the value of the convergence, by a number of diop- 
tries equal to that of the myopia, 
Tn Ayperopia we find a different condition of affairs. 
Here the zero of accommodation is below the zero of convergence, 
When the latter is mil, the lines of fixation being parallel, the oyes 
must have already made an effort of accommodation in order to 
correet their defect of refraction, ie, to adapt themselves to infinity. 
Let us suppose the hyperopia of each eye to amount to two dioptries ; 
_ the pamefurm remote, the zero of accommodation, is } metre to 
| the rear of the eye, in the negative portion of the diagram, 2D below 
zero. In order to see at infinity, the accommodation must make good 
this refractive defect, while the convergence is still at rest. 
If the object be brought nearer, so that the convergence is increased, 
‘the accommodation will always be stronger than the convergence, by 
number of dioptries equal to the deficit in static refraction, d¢, to 
the degree of the hyperopia. Thus, the object at a distance of } of a 
metre requires 8 ma of convergence and 8 D of positive refractive 
power. But, in order to furnish these, the eye must first make good 
the deficiency in its static refraction, which, in our example, equals 
2D. This the eye does by means of its accommodation. After this, 
only, is it able to give itself the required 8 D of positive refractive 
power. Tt borrows these, also, from its dynamic refraction. The 
latter, therefore, amounts to 2+8=10 D, while the convergence is 
‘one of only 8 ma. 
Tt ie apparent, from this, that the relation between accommodation. 
and convergence must be quite different in ametropia from what it is 
in emmetropia. 
In myopia the amount of the accommodation remains lower than 
‘that of the convergence, while hyperopia calls for more accommoda- 
tion than convergence, 

Hence distinct and binocular vision requires that the relation 
between the accommodation and convergence be different in ametropia 
and emmetropia. Is this actually the case? This question is one of 


‘We have seen (Fig. 2) that our emmetrope can still relax his 
accommodation by two divptries, although maintaining his conver- 
(gence at } of a metre. 
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Moreover, ametropia may reach such degrees that convergence 
becomes insufficient in myopia, and accommodation in hyperopia. 

But let us return from these speculative considerations to the 
positive domain of experimental research, 

Donders and Nagel have carefully examined the relation between 
the accommodation and the convergence in the case with which we 
are concerned. Figure 84, for instance, gives us the diagram for a 
myope of four dioptries.* 

‘The subject of the examination was a young man twenty-three 
years of age, 2 medical student. The figures in this diagram have the 
same signification as in that for emmetropia. The zero-point of 
secommodation, which corresponds to the punctum remotum (r), is at 

| ‘the point 4 of the horizontal, because the eye already has 4D of posi- 
| tive refraction when at rest. The diagonal, which contains the points 
for which the effort of convergence and that of accommodation are 
equal, takes its origin at this point 4. It ascends toward the right, at 















Bea aveutsssztersrray 





an angle of 46 degrees, parallelly with that for emmetropia, but dis- 
placed four divisions to the right, which corresponds to four dioptries 


of myopia, 

Alves the diagonal we find, as before, the values of the positive rela- 
__ tive accommodation ; delow, those of negative relative accommodation ; 
‘to the left, naputive relative convergence ; and to the right, positive rela 
4 Nagel, toe, cit, ps 407, Fig, 47. 
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ie, up to 17:3 metre-ungles. Hence the convergence, in the case under 
consideration, was greater than the accommodation. 


with his static refraction, gives 116-+4= 155 plete ‘Positive 
refraction. Hence his absolute punctwm proximum was Tra OeS 















Pru. 8. 


rere emepesoe ox eoaindbrep of ti proveding 
it. Fixation of the absolute puncturm proximum rendered 

impossible, and caused him to squint inward, 

‘avery instructive diagram of nnother myope. His 

‘of accommodation and convergence are repre- 

‘The origin of the diagonal 1) D shows that the 


* Nagel, loc. cit. m 127, Fig. 48, 
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The observation was made upon a subject whose hyperopia 
amounted to five dioptries (Fig. 86). Tho starting-point of the 
diagonal DD, which represents the normal relation between con- 
vergence and accommodation, must, therefore, be found at division 5, 
of the zero-ordinate, which corresponds to five dioptries. Indeed, the 
convergence (abseisse) being nd (parallelism of the lines of fixation), 
the hyperope is already obliged to make an effort of accommodation 
amounting to 5 D, in order to correct his ametropia and see clearly at 
a distance. One might be tempted to conclude, from this, that, for 
zero of convergence, there ought to be 5 D of negative relative accom- 
modation ; this, however, was not the case with Nagel’s hyperope. 
With his eyes directed parallelly, he could relax only 15 dioptry of 
his accommodation (rm); he could not wear convex glasses stronger 
than 15D, This was his manifest hyperopia. Tn order to make him 
relax all his accommodation and to find his total hyperopia corrected 
by convex 5, it was necessary to paralyse his ciliary muscle, by 
means of atropine, or cause hia lines of fixation to diverge, Hence 
total relaxation of the accommodation, the absolute punctum remotuin, 
is obtained only at the expense of producing negative convergence. 
The curve r¢y, which designates the course of the absolute 
remotum, ought, therefore, to have commenced at the left side of the 
diagram, upon the zero-abseisza, 

But, for the case given, only the curve for the punctum remotum 
of the manifest hyperopia has any raison d'étre. This is the one that 
‘was experimentally obtained. Adaptation to the absolute yunetum 
remotes was realised only by an artificial relaxation of the accommo- 
dation. 

We have seen, then, that the hyperope in question could diminish 
his accommodation by 15 D, even when looking binocularly, at a 
distance. On the other hand, he could bring into play 276 D of 
dynamic refraction more than the number required for the correction 
of his hyperopia. That is to say that he still saw clearly ata distance 
with concave glasses of 275 D, which necessitated an effort of 
accommodation amounting to 5 +275 = 775 D, the degree of his 


given. 

Up to about 6 metre-angles, the curve p, is to the left of the 

diagonal, ie, the hyperope had more accommodation than he needed 

dm onder to seo clearly with both eyes; but, just before reaching 

5 ma, the curve crosses the diagonal at the point p,. This is the 

Minocular punctum proimwm. It is therefore, nt the utmost, } of a 
‘metre distant. 


‘From this point on, the curve p, p ascends but little, to the abscissa, 
‘10, which it reaches at the point p, This ix the absolute punctum 
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gives the scheme of a person (Dr. Esai) Masioe tall 5 ee 
myopia, It proves to what point the curves, that of 
negative relative accommodation, can be extended by exercise, 

















Pra, 87, 


Fig. 88,* on the contrary, represents the very limited relative 

| ranges of accommodation and convergence of a girl of thirteen years, 
slightly byperopic. 

Considering the above observations, we see that the accommoda~ 


‘much less accommodation is brought into play in the former than in 
‘the latter case, 
| ‘The byperope, on the contrary, who exacts much more of his 
accommodation than does the emmetrope, shows also a higher curve 
| p than the latter, 

However, this adaptation of the accommodative power has its 
limite The diagrams prove this, and would have proved it still 
more conclusively had the emmetropes and hyperopes examined been 
older. Indeed, ametropia cannot modify the troublesome influence 
exerted by age upon the accommodative faculty of the eye. 

4 Nagel, toe. cff., p. 493, Fig. 46, 
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CHAPTER IIL 


METHODS OF DETERMINATION OF THE REFRACTION 
AND ACCOMMODATION OF THE EYE. 


DIOPTOMETRY. 
I—DETERMINATION OF THE STATIC REFRACTION, 


‘We have seen that the refraction of the eye is the inverse of the 
distance to which it is adapted. If it be adapted to 20 centimetres, 


ic, if ib see an object distinctly at } of a metre, the refraction is 6, 


or a or, more simply expressed, five dioptries. 

When we speak of the refraction of the eye without otherwise 
defining it, we mean the refraction of the eye at resi—the static 
refraction. We know that the eye presents, in this state, its minimum 
of refractive power, According to what precedes, the maximum 
distance, ot which a point can still be seen distinctly, must correspond 
to the minimum of refraction. In short, the eye, when at rost, is 
adapted to the most distant point that it can distinguish—to its 

remotunt, 


Hence, to ascertain the static refraction of the eye, we must 
determine the punctum remotum, which is the inverse of what we 
are seeking. We may then give to the question the following form :— 
What methods do we possess by which to determine the situation of the 

remotum, ifs distance from the eye? 

‘Ifa point is seen distinctly, a well-defined image of it must have 
‘been formed upon the retina, Now the law of conjugate foci tells us 
that when an optical system produces, at a distance B, a clear image 
of an object situated at a distance A, an object placed ot the distance 
B will, inversely, have its image formed at the distance A. 

Hence, if the object, placed at the distance of the punctum remotum, 
produces a distinct image upon the retina, objects at the fundus of the 
eye must, inversely, have their images formed at the distance of the 

remotim, 


Tn order to find the position of the punctum remotwm, we can 
therefore proceed in either of taco ways :— 











— ! — 


SUBJECTIVE DETERMINATION OF REFRACTION, 221 


minimum. This is not easily realised, since the accommodation is 
only exceptionally subject to the will. Tt requires special training to 
render one able to relax the ciliary muscle at pleasure. 

In subjective dioptometry we secure a certain relaxation of the 
accommodation best by giving the patient's eves a parallel direc- 
tion. The accommodation being, up to a certain point, associated 
with the convergence, it is nearer # state of rest, when convergence is 
nil, ic, when the eyes are directed parallelly, than when they con- 
verge. But even then one is often enough deceived, and would make 
mistakes which might have most annoying consequences if one should 
Dlindly conclude, as to the absence of accommodation, from parallelism 
of the lines of fixation. 

To insure a state of rest for the eye, the accommodation raust be 


inasmuch as their effects persist a long time, and patients complain 
bitterly, and not without reason, if, for the sake of finding a spectacle- 
glass, they are exposed for several days to the dazzling which results 
from the dilatation of the pupil, and to the more serious inconvenience 


result of the subjective dioptometry by means of the ophthalmoscope, 
‘Lot ws now consider the methods which permit us to determine the 

situation of the panctum remotum by means of the distinctness of the 
‘inal 


haze gad 

One might think it possible, a priori, to do this by means of a 
Tuminous point—a minute hole in a diaphragm, for instance, held 
between a este and the eye. This point being gradually carried 
from the eye, the punctum remotum might be supposed to be 
‘stunted at the ‘greatest distance at which the minute aperture were 
and not aso disc—that is to say, in a diffused image. 
, and 57.) 
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Tt might be hyperopic, and see with the aid of an effort of accommo- 
dation, Hence it would be difficult to distinguish, by such a method, 
between emmetropia and hyperopia, and all the more so to determine 
the degre of the latter, 

Tndeed, the punctum remotum of hyperopia being situated beyond: 
tnfinity, we would have to carry the test-types beyond infinity, in 
order to determine this kind of ametropia, and this is, of course, not 
feasible. 

We have seen, however, that a luminous point may be regarded as 
situated beyond infinity, when the mys emitted by it have been ren- 
dered convergent, It is in this way that we succeed in diagnosing and 
measuring hyperopia. The test-types are placed at a given distance 
and the luminous mys emanating from them are rendered convergent 
by means of convex lenses. 

Let us take, for example, a point situated at a great distance. It 
will emit parallel mys, By interposing a convex lens, the rays will 
be caused to convenge toward the focus of the latter, This conver- 
gence will be greater in proportion as the focal distance of the lens is 
shorter, or, in other words, ax the lens is stronger. And upon an eye 
Vehind the lens the latter will have the same effect as if we had 
carried the Tuminous point beyond infinity. In fact, the expression 
“a point situated beyond infinity” means simply that the point is 
formed by the union of convergent mys. 

But, just as we can give a convergent direction to rays emitted 
by a luminous point, we may render them parallel, if they are not so 
already, or make them diverge, In the first case we cause them to 
pass through a convex lens, whose focus coincides with their source; 
in the second case we make use of concave lenses, 

Tf we leave the test-type at such a distance that mys coming 
from it may be regarded as parallel, and make them pass through 
a concave lens, we give them the same divergence that they would 
have if they came from the focus of the concave lens. Suppose the 
latter to be of two dioptries. Its focal distance is +, and it will 


eanse parallel rays to diverge as if they came from a point 0% metre 
behind it. 


Here, again, the divergence is greater in proportion as the Jens ia 

stronger, ic, as the focal distance of the lntter is shorter. 

So far, then, as the direction of the rays is concerned, the result is 
the same whether we place a point 50 centimetres in front of the eye, 
‘or, leaving it at infinity, look at it through a concave lens, whose 
focal distance is 50 centimetres, placed close to the eye. 

Hence, what we are forced to do in the case of hyperopia we may 


i 
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Tf the patient cover one eye with his hand, there is a risk of his 
covering it imperfectly, that he will look between his fingera or 
through a space left free between his hand and his face, or that ho 
inay press upon that eye and so affect the sight of it, when we wish 
to examine it in tum, 

Emmetropia.—The eye which is not under examination being 
entirely hidden by, but open behind, the diaphragm, the patient ix 
asked to name the letters or figures (placed at the distance above in- 
dicated) that he can see with the free eye, commencing at the largest, 

‘When he reaches the smallest that he can distinguish, and cannot, 
with however great effort, read further, a weak convex lens (05 D, for 
instance) is placed before the eye. Tf vision is lessened by this glass, 
concave glasses are tried, and if these do not enable the patient to see 
smaller letters than he read at first, we conclude that, weakness of 
vision being at ite maximum without any glass, the punctwm remotum 
of the eye is situated at the same distance from it as the test-types, 
ie, ut infinity; that R* is infinite, and that the refraction of the 


eye, yp equals + = 0 — that the eye is emmetropie.® 


Hyperojia,—It the eye under examination sees the letters better 
with a conver glass than without a glass, it is evidently hyperoprc. 

We have shown in detail the reasons for this (p. 132 et seqg.), A 
person who does not see better, but just as well, at a distance, with 
a convex glass as with the naked eye, is also hyperopic. The convex 
glass gives to mys coming from a distance a convergent direction, and 
the hyperopic eye is the only one that can focus convergent rays upon 
ite retina, One may ask, however, why it sees as well without the 
convex glass as with it? ‘The answer is easy the naked eye replaces 
the action of the correcting-glass by an effort of accommodation, which 


+ We desiynate by B the distances between the punctum remotum und the eye. ‘This 
Jetter corresponds to the f* in Chapter E. 
= To be perfectly «exact, we onght to ay that, the object not being in reality at in- 
finity, but at a distance of 5 motres, R equals 5 metros, and the rofrmction ie 4. } dioptry. 
Hence a eye which soos better without any gloss at this distanoe, is not porfootly 
semumetrople ; It ix not adapted to infinity—that is to say, for parallel rays, bat to a finite 
distance, antl for rays diversing from a point 6 metres distant. Hence it is myopic by 
$B. The true emmetrope would he ho who, to soe olmrly at that distance, would neod 
Saree pS dotines kf arr (+ § Deitch hee would renter 
poniled the rage etranating from an object § motres distant, No such glam is found in 
our trial caves, nor ie it known 10 the trace, for tho simple reason that a differenco of } 
is, practically, alwom inuppreciable. Vision ls not perveptibly changed when 
bof a dioptry, An eye that sees 
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But the degree of hyperopia thus determined, the manifest lyperopia 
(H®) is still very often loas than tho real degree, the total Ayperopia 
(HE), In spite of all precautions, there frequently remaine a certain 
amount of accommodation which conceals part of the refractive defect. 
This part is called the latent Auporopia (1). Tt becomes manifest 
only by the use of mydriatics, or when the refraction is determined 
with the 


ophthalmoscope. 
It is of the highest practical importance not to forget that 
H'=H™+ Hi, 
‘«, that total hyperopia is made up of a manifest and a latent portion, 
and that what is found by the subjective examination—the manifest 
hyperopia—is often only a part of the total. 

We shall see, farther on, what relation exists between the parts 
constituting total hyperopia and the range of accommodation. Let it 
suffice us, for the present, to bear in mind that the strongest concer glare 
which gives the greatest acuteness of vision, for distance, indicates the 
degree of manifest hyperopia, 

Myopia.—When an eye does not sce as well, at a distance, with a 
weak convex glass as without any, we try whether or not a weak 
concave glass increases its acuteness of vision. 

Tt frequently happens that the patient imagines he sees better 
with this concave glass than without. He cannot, however, make out 
smaller letters than with the naked eye, yet all of them appear blacker 
and more distinct. Sometimes he tolerates rather strong concave 
lasses, without seeing any more than with the naked eye, and yet 

| seers very much pleased with them, Such a person is not anyopie. 
He sees with concave glasses because he exerts an effort of accommo- 
dation, and so neutralises the effect of the diverging lens, Here, 
again, the accommodation makes the refraction of the eye appear 
stronger than it really is, 

Tn onder that the presence of myopia may be regarded as certain, 
acnteness of vision must be increased by a concave glass; and even 
then one is often deceived. Just asa spasm of accommodation con- 
ceals a part of hyperopia (H"), or oven hides all of it, and makes a 
hyperopic eye appear emnmetropic, so an involuntary effort of accom- 
modation often makes myopia seem stronger than it actully is 

Hence we must, first of all, choose, as the expression of the myopia, 
the tovrkest concave glass that affords the eye its maximum acuteness 
of yision. This givea the degree of apparent myopia, This is 
generally greater than the real myopia, especially in the case of 
young people who 4 Sareea strong accommodation, The real degree 
of myopia, like that of hyperopia, is revealed only after forced relaxa- 
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Or, if we do not wish to give him the glass, found in this way, which 
re a ae nN eet nh vehi tha ete of che eee 
that we purpose prescribing for him. 
We shall see, in fact, that, in order not to favour or provoke a 
spasm of accommodation, myopes are never given the glasses that 
correct the apparent, scarcely such aa correct the real myopia, 
Another great advantage of this method of determining refraction 
remains to be pointed out. In order not to complicate the discussion, 
we have not otherwise defined heretofore the test-objecta We have 
said that they are objects of different sizes, placed at a distance of at 
least 5 metres away. Indeed, any series of objects which, in order 
to be recognised, require distinet retinal images, may serve for the 
determination of refraction. 
Bat, taking into account the size of the objects and the distance 
at which they are placed, we may, at the same time, determine not 
only the refraction, but also the acufeness of vision of the eye? The 
explanation is as follows:—Numerous experiments* have taught 
which is the smallest retinal image that can be distinguished, in its 
details, by the average normal eye. Starting with this da¢wm, Snellen, 
and others after him, have arranged typographic scales, consisting of 
letters, numerals, lines or dots of different sizes, and numbers, Kach 
series of these fest-objects bears a number, which indicates the distance 
at which they are distinguished by the average eye. The numbers 
4=, 5™, 6=, 7", 10, 50™, &c., placed above the letters, from the smallest, 
to the largest, signify that they may be removed, the first 4, the 
second 5,and the last 50 metres, before ceasing to be distinguished 
by the normal eye. If they be loft ata given distance, 5 metres for 
instance, it is the number 5 that gives the normal acuteness of vision, 
An eye that distinguishes only the types number 10, which it ought 
to see at 10 metres, has only y4;=} of normal vision. One that sees 
only the number 50 at 5 metres, possesses 4% =y'y of normal visual 
 ‘ aeuteness. Another, on the contrary, that distinguishes the number 

4, which the average eye is expected to sce at 4 metres, has, evidently, 
h. fan acuteness equal to $, ic, above the average. 

‘These tables of type figures, “ optotypi,” as Snellen calls them, are 
what we use in optometry, 

‘The glass which enables the cye to sce the smallest of these types 
Gndicates the refraction; the distance at which they are placed, 


Sei eeeekie A ey adirsingen 
| © J. Vrosom de Haan, 1 pagal cesar rked de gevicht- 


‘vol. iil,, p 229, 1862 Compare also Snollen, Fidoptondtrie in Druid 
| erie tiated Wee ‘Wecker of Landolt, vol. i. pp 470-480, 
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eyes whose ametropin is of the same kind and degre The visual 
acuteness of an axial-myope of 4 D will be to that of another axial- 
myope whose myopia is of the same degree, in inverse ratio to the size 
of the test-types that he distinguishes. 

But will the visual acuteness of an emmetrope,as expressed above, 
be comparnble with that of a myope who needs a concave glass for 
distant vision, or with that of a hyperope who uses a convex glass 
for the same distance? The difference in the length of the eyes, or 
the difference in their dioptric apparatus on the one hand, and the 
action of correcting-glasses on the other, cannot, evidently, remain 
without influence upon the size of the retinal images, And if, for 
instance, the myope, owing to the excessive length of his eye, received 
larger retinal images than the emmetrope; or if, on the contrary, the 
size of these images were reduced, by the action of the concave glasa, 
to Jess than that of the emmetrope’s images, the test-types could not 
serve as terms of comparison of the visual ncuteness in the two cases, 
They would permit « conclusion only as to the distinctness of the rétinal 
images, f, they would serve in determining the refraction of the eye. 

Calculations and experiments have proved that azial-ametropes 


In the great majority of cases ametropia is due to an abnormal 
length of the eye; we determine the refraction of the eye when it is 
adapted for distant vision, The anterior focus is 13 millimetres from 
the cornea. This is very nearly where we place spectacle-glasses in 
the method of optometry just deseribed. We find ourselves, there- 
fore, under the most favourable circumstances for obtaining equality 
of the retinal images, i, for determining the visual acuteness at the 
same time with the refraction. 

In curvature-ametropia the correcting-glass must be placed in 
contact with the cornea, in order that the retinal images may become 
equal to those of ermmetropia. 

‘Tet us recapitulate the advantages of this first subjective method 
of optometry: facility in relaxation of the accommodation, owing to 


* GirsohTeuke, Ann. doc, Sept-Oct. 1889, and La vision, ste, p, 198, 1881. 
aig ro dl orp ged Cunstonte anc Viswsl A cuteness of the 
Bye (Arch. of Opith. ond Otol. §., 2, 1870), Woinow, Zur Lehre aber dew Binghuas con 
ea eens ane 7. Ophth., xix, p. 249, 1872), Mauthner, 
Porlerangen Wher die opt. Kehler dea Auger, p. 249, 1872, and Arch. f. Ophth., xviii. 2 
PUA Dower, Pructische opmerkingco over den invlort wan hulplensen op de Gerichte 
eherpir, Laptolt, Gracie u, Sacmisch, Cepine hed gelpe ames ik, 1, p. 10, 18745 
Treat Pe 480, and Ondersakingen gedaan in het physiotog. Laborat., Utreebt, 
ETE Lapome wer Le clixynostic dee malaudics des yeux, p. 123, Paria, 1877. 
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the concave 2 would indicate a myopia of —2+4 (—45) = -— 65 


dioptries, 

In this way refraction is found as simply as at the greater 
distance, and, as hag already been said, the visual acuteness may be 
determined at the same time, since the retinal images of axial- 
ametropes are, under these conditions, equal in size to those of the 


emmetrope. 

In order that the retinal image of a myope of 4°5 dioptries, or an 
emmetrope wearing a convex 4'5, may be of the same size as the 
image received by the myope with his correcting lens or the emme- 
trope with the naked eye, for distance, the test-type, placed at 233 
millimetres, must be 0°32 millimetres in height. Yor less degrees of 
acnteness the letters will need to be proportionally larger, 

It may be said, as an objection to this method of optometry, that 
it must render the relaxation of the accommodation more difficult 
than it is in the examination at the greater distance. The patient 
has, in fact, during near vision, an involuntary tendency to converge, 
and, consequently, to bring the ciliary muscle into action, even when 
‘one eye is covered and the other adapted, by means of 9 glass, to the 
distance of the object fixed. This difficulty may, however, be over- 
come if the convergence be nullified by means of a stereoscope, which 
requires parallelism of the visual lines. Javal has made use of this 
principle in his astigmometer. 

‘The stercoscope is to have the desired length and has no prisma In 
front of the eye to be examined, are teat-types surrounded bya circlo ; 
before the other eye, is a black field surrounded by a circle, eithor 
of equal size with, or somewhat Iarger than, the other, In order 
that the two circles may be seen united in a single one, or as two: 
concentric circles, the eyes must have a parallel direction, This will 
dispose them to mlax their accommodation, and, in order to see tho 
test-types distinctly, a corrocting-glass will be necessary, The latter 
may be determined for each eye separately, after which we may 
ascertain if, in binocular vision with the stereoscope, the eyes bear 
stronger convex or weaker concave glasses. 

Besides the little room it requires, this method of optometry 
would have, over the first, the advantage of facilitating the conatancy 
of Humination. The extremity of the stereoscope bearing the tests 
could be illuminated by a type-light of unvarying intensity, and the 
influence of auy other luminous source excluded by protecting the 
patient's cyes by little shades on each side of the eye-piece of the 
instrument, the examination being made in a dark place. 

- We have, in the same place, called attention to the fact that, in a 
ay (but without a stereoscope), both the amplitude of accora~ 
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modation and the correcting-glass may be determined for any desired 
distance. It is only necessary to always subtract the 46 dioptries 
roquired by the nearness of the test-typea. 

Thus a practical and exact optometer would be obtained. Tndeed 
the name optometer is given to any instrament which serves to deter- 
mine the refraction of the eye. 


B. Optometers based upon a single Conver Lens. 
We have said, at the beginning of this chapter, that, besides: 














tacle-glasses, there are many other methods of changing tha dineaion 
of luminous rays emanating from an object, and, at of 
determining the refraction of the eye. 

Thus this result may be obtained by means of & 
Tens. Tf we place an object at the focas of such w Jet 
coming from it will, after passing through the glass, ba pat 
farther we remove the object from the focus, the more 
converge after having passed through the lens, 





Fra. 69, 


Let M (Fig. 89) be the focus of the lens ®, Then 
My’, given off from the point M of the object MN) wa 
(LK and «’ 4), after having passed through the lens, a} 
tropic eye, E, will unite them, on its retina, atm, Thee 
rays coming from the point N; their divergence Ww 
changed to parallelism, and their image is formed at 7m, 

The farther the object is removed from the focus, the move th 
rays converge after having passed through the lens, ‘Thus it is that 
we may obtain the rays that the hyperope requires, 







* Thave indicated this principle, of oplometey at » short dintason, bx my Ley 
te diagnostic dea maladies des yeus, p. 185 et seq, Paris, 18775 and Mawwal of Eeaeier 
tum of the Hyea, p. 158 e€ sg, Philadelphia, 1879, 
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The punclum remotwm of the hyperopic eye H (Fig. 90) ie at R, 
On carrying the ohject MN beyond the focus (F) of the lens, the latter 
will give, to rays emanating from M, the convergence LK Rand u’u R, 
and, to rays arising from N, the convergence L»X and y'K X, so 
that the former may be focused at m and the latter at m, on the 
retina of the hyperopic eye. 

Tf, on the contrary, we bring the object from the foeus toward the 
Jens, the rays will become more divergent in proportion as the object 
is nearer the lens. Thus (Fig. 91), the object being ut MN, the mys 
emanating from the point M will appear to come from JR, owing to 
the divergence (y’z and LK) left them by the lens. 








Fro. 00, 


‘The ease ix the same for mys emanating from N. They will have a 
divergence (Ly and » K) as if they came from the point X, A myopi 
eye, M, whose punctum remotum is exactly at B, will therefore be 








Fu, 91, 


able to focus, at mm, rays which really come from MN, but the 
direction of which lis been so changed as to adapt it to the refractive 
condition of this eye, 
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Sous’ optometer fnlfils this condition; the lens, however, seems a 
little too strong to give very exact reaults.* 

Badal and Burchardt make the focus of the lens correspond to the 
cents of refraction (nodal point K) of the eye. They obtain, in this 
way, the equality of the angle under which the test-objects appear to 
emmetropic and axial-ametropic eyes; but it is easy to see that the 
same angle determines, upon the retina, an image which is larger in 
proportion ns the retina is farther from the dioptric syetem—that is 
to say, a5 the eye is longer. 








Fis, #2. 


Tho object AB (Fig, 92) is seen by the three oyes, H, E and M, 
under the eame angle, AK B, The retinal images are of unequal 
size. Hence the longest eye, which receives the largest image, is in 
more favourable conditions than the shorter eyes, and visual acute- 
ness, whose determination requires equality in size of the retinal 
images, cannot be found in this way 

Badal's optometer consists of a cylindrical tube about 30 centi- 
metres long, and fixed on a stand, which permits one to regulate the 
height of the tube, and to give it the desired inclination. A convex 
Jens, having a focal distance of 63 millimetres is placed in the tube at a 
distance from the eye-liole precisely equal to its focal length, Behind 
the lens, by means of a mck and pinion, is moved a ground glass 
plate, on which is, at the left, a photographic reduction of Snellen’s 
metric seale; at the right, pictures of playing cards, for the illiterate, 
and, between the two, a system of parallel lines with which to measure 
astigmatism, All of this is seen by transmitted light. The part 
containing the trial-plate may be removed as casily as a microscopo 
objective, and can be changed with facility. ‘This plate can occupy 
any position between the lens and the posterior extremity of the tube 

According to its position, the refracted luminous mys present, on 
peaching the oye, all the degrees of convergence or divergence which 


© Laiwoan, Ann. Weeulistiyns, Ie, p 
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Von Graefe was one of the firat to make use of the principle of 
Galileo's telescope for determining the refraction of the eye.* 

Bat his instrument left much to be desired, especially with regard 
to the size of the retinal images furnished by it. Their size was 80 
variable that the visual acuteness could not be determined, even 
approximately, Snellen* lessened this disadvantage by rendering 
the enlargement, produced by the glass, as little a3 possible. The 
differences in the sizes of retinal images, in eyes of different refractive 
powers, then become likewise less, To attain this result, he combined 
two very powerful lenses (—40 D and + 20 D) which, with a 
small excursion, give very different refractive effects. The stronger 
the lenses in Galileo's telescope are, the less its magnifying power is, 
In order, #0 far as possible, to got the patient to relax his accommo- 
dation, Snellen recommends that the refraction and visual acuteness 





| Fra, 95. 


De determined for both eyes simultancously, It is for this reason 
that be mounted the glasses of his optometer in a spectacle-frame, 
‘s0 that they form, so to say,a double or binocular optometer (Fig, 93). 
| * Von Grocte, Vorseigeng eweckmerasiger Leacylicerr und cines binoouleren Refractions: 
seasons (Kiln. Mental, ik, p 392); wee aloo Do Weekor ot Landolt's ‘Traite 
complet Poplihaluctogie, val, p. 62, 
% Mbiidey by ye 3. 
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the real image of ordinary typographic scales, placed at a distance 
of several metres, We need only take care to hang them upside down, 
Decause the image is inverted. 

‘The inventor calls attention to another very peculiar advantage of 
his optometer. On changing ends, so that the objective becomes 
ocular, and vice versa, the instrument remains an optometer, but its 
optical constants have changed, In order to obtain the same direc- 
tion of emergent mys, another reciprocal distance must be given to 
the lenses, Thus, in the preceding example, a myopia of 1233 D 
corresponds to a separation, between the two lenses, of 54 millimetres, 
and a hyperopia of 9-25 to one of 108 millimetres, The ermmetrope 
alone keeps a distance of 67°5 millimetres in both cases, 

‘The instrument has a separate scale for each of the two positions, 
By making two determinations successively, one hy each method, the 
patient's answers, which ought to agree for both cases, may be com- 
pare and checked, 

‘The magnifying power of the instrament varies with the reciprocal 
distances of the lenses. Accordingly the doviser has taken puins to add 
to his optometer « reduction-table, which permits the observer to find 
the real value of the apparent visual acuteness given by his instrument. 

All principles of optometry may evidently be used in the con- 
struction of double optometers. It is only necessury to combine two 
instraments—one for each eye—and arrange it so that the distance 
between them may be changed. Hirschberg has put this iden into 
prctice for his optometer, in such a way that it could be applicable 
to any distance between the eyes. 

‘It seems to us, however, difficult to determine the refraction and 
visaal acuteness of both eyes simultaneously. How are we to know 
what each eye sees separately, and to what degree the better vision of 
‘one comes in to aid the other, whose adaptation is imperfect? The 
method, acoording to which paralleliem of the visual lines is obtained 
by means of the stereoscope, is based upon an altogether different 
principle. In this case the test-objects are presented to the eye under 
examination only, while the other is directed toward a plain black 
surface, which has nothing of the typogmphic scale but the frame. 
‘Tt is the fusion of the outlines of the two ficlds that maintains the 
eyes in parallelism, and it is not possible to be deceived as to which 
eye sees, as one may be with a double optometer, 

All single or monocular optometers have the decided disadvantage, 

frequently mentioned heretofore, of interfering with the result of the 
examination by provoking an effort of accommodation, ‘Lhe refraction, 
as determined with these instruments, is almost always much higher 
Pea ‘ip is in reality. 
Q 
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muzele, provoked by the use of optometers, when we compare the 
refraction, as thus found, with that which we obtain with the 
ophthalmoscope, or after atropinising the eye. There is nearly 
always a notable difference between the results of these two methods, 
and a greater difforence than is given by the optometric method in 
which simple spectacle glasses are used. 


E. Optometers based upon the Measurement of Circles of Diffusion. 


‘The optometric methods above reviewed are based upon this prin- 
ciple: to seek directly the glass, or optical combination, which renders 
tho ametropic eye emmetropic. This is such a glass as renders dis- 
tinct the retinal images of objects placed at a distance, or, what 
amount to the same, objects emitting parallel mys, 

Now, from what we have shown in the preceding chapter, concem= 
ing ametropia, it results that it ought to be determinable by still other 
methods, Thos, instead of correcting the ametropia and making 
the retinal images clear, let us leave them indistinct and determine 
the diameter of the vireles of diffusion caused by the ametropia. 

‘We know that the more ametropic au eye is, the larger will be 
the circle of diffusion formed upon ita retina by a luminous point 
placed at a distance (pp. 121 and 126). If we succeed in mensur- 
ing the diameter of the cirele of diffusion, we shall, therefore, have 
another method for determining ametropia or the adaptation of the 
eye generally. 

‘This is possible and has been realised by means of certain appa- 
ratus that we may call 


Optometers based upon Scheiner's Experiments 
When one looks at a small object placed at a distance for which 
the eye is notadapted, through minute openings, the distance between 
which is less than the diameter of the pupil, the object appears 
multiple, exch opening furnishing a separate retinal image. This is 
OE palate beg 
‘is best performed as follows:—A diaphragm (a 
ery ices oilclics sional coal pitas 
is placed as close as possible to the eye. Tuke two of these holes, 
the distance between which is less than the diameter of the pupil, 
api bold them so that both shall be in front of Uw pupil, Through 
ipaesoes swe crenings look ab the head of a pin placed at a distance for 
which we have distinct vision—at reading distance, for example, 
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The pin will be seen just as it is, only a trifle dimmed, because only a 
portion of the pupil gives access to the light coming from this object. 
Bat if we bring the pin nearer to the eye (or, if myopic, remove it 
still further) than the distance at which we see distinctly—4 centi- 
metres from the eye, for instance—we seeitdouble, The two images 
get farther apart in proportion as the object is moved farfher from the 
point to which the eye is adapted. ‘Tho phenomenon is easy of ex- 
planation. 





Fra, 94, 


Let DD (Fig, 94) be the diaphmgm, A and B the openings, and 
Oa point of the object. The latter emits luminous rays in all dime 
tions. Without the diaphragm, a luminous cone would haye entered 
the interior of the eye, and have been focused in an imagee. The 
diaphragm intercepts the greater part of the light, and permits only 
rays passing through the openings A and B to entertheeye. Instead 
of one large luminous cone, whose base would have been the pupillary 
opening or nearly so, since the meniscus formed by the cornea ani 
the aqueous humor influences the direction of the nus before ther 
reach the pupil, and whose apex would have been the conjasste 
focus 0, the ey ves two cones, the bases of which are yery small 
One of them corresponds to the opening A, the other to the opening 
B; but the common apex is always at 0. 

If this point o be on the reting, if the eye be adapted to the 
distance of the point O, it will obtain a distinct image of O, only let 
luminous, because a smaller number of Iuminous rays unite to fort 
it than would if the pupil were free. 

But if the retina be in front of this point o, in the plane HH fe 
instance, the cone corresponding to each opening will form a separa 
image of diffusion, that for A ata and that forBat& THoence the 
eye will perceive two images of the object O. 
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‘These images, although formed by circles of diffusion, are nob very 
indistinct, since the openings to which they arc due are so small. 
We know, indeed, that one sees pretty distinctly through a vary small 
opening, even though the eye is not exactly adapted to the distance 
of the object, 

Hence a person, whose retina is in front of the point of union of 
rays emitted by the object, will receive two images of it, and, as the 
oy See an ate ie tiara es 

it corresponds. If A is the higher, its image is formed on the 
ore delay tl image corresponds to the 
lower opening. If A is to the right and B to the left, the images a 
Sierane zoeuotryy to hs right esd Te 
‘are projected outward inverted, as is the case with 
2 ‘We receive inverted images, but we project them 
-apright. We obtain the direction, in which the object is 
See Pees ath roel rag, straight 









and } in opposite directions; the upper down and 
Geers eight to the Lana the left to the right, as would 
appear if we should turn the figure so that A were at our right and 
Bat our left. It will project the image @ at A’ and the image 0 at BY, 

Hence we may say that when the retina is in front of the focus of 
rays emitted by the object, the latter is seen with a monocular diplopia, 
crossed relatively to the two stenopaic openings placed before the eye. 

‘The case is reversed when the image of the object is formed behind 
the focus of the optical system of the eye. The luminous cones 
corresponding to the openings in the diaphragm, after their union at 
, separate again, and diverge from ench othor as they continue their 
course. They meet the retina beyond their focus, at a and § for 
instance, if the retina is situated in the plane MM of the figure, 
Tn this case the images a and # have changed places relatively to 
the openings to which they correspond. Changed again by their 
projection, they are finally in the same reciprocal positions as the 
openings to which they are due. 

Hence, if the retina is behind the place where the image of the 
object is formed, the latter is seen, with a homonymous monocular 
diplopia, through the two stenopaic openings.’ 

‘It is easy to seo that the further the retina is from the focus of 
the rays emitted by the object, whether in front of or behind it, the 
wider apart the two images will be from each other. 

acre ere ne mck Inala fn the Agere Docanee fh was 
thought bett uot to detract from ite 
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other subjective and objective methods, The coloured glass placed in 
front of one of the openings may give rise to errors, if its surfaces are 
not perfectly plane and parallel, and by the difference in refrangi- 
bility between coloured and whita light (vide p. 249). 

Without having any scale, the refraction may be determined with 
the aid of this method, by substituting the diaphragm for the mirror 
in the author's ophthalmoscope. The instrument becomes, in thie case, 
a subjective optumeter, The glasses are large enough to cover the 
largest pupil. We have only to pass these glasses successively before 
the examined eye, and the one that unites the two images is the 
correcting-glass for the ametropia, because it renders the eye emme- 
tropic. This method would represent a 
combination of the first and second prin- 
ciples of optometry. 

The first to use Scheiner’s experiment 
for optometry was Porterfield.‘ His opto- 
meter was perfected by Th. Young,* and 
Young’s was simplitied by Lehat. 

‘These instruments consist, essentially of 
‘a small board, on which is drawn a stmight 
line, either white on a black ground or 
black ona white ground. The board is held 
horizontally, so that one end of it, corre- 
sponding to one end of the line, shall be near 
the eye to be examined. This eye looks at 
the line through a row of openings (holes or 
slits) in a diaphragm held as close as possible 
tothe eye The line is seen single only at 
the distance for which the eye ix adapted. 
Everywhere else it is seen multiple, and 
there appear to be as many lines as there 
are openings in front of the pupil. These 
Hines diverge more and more on either 
side of the point for which the eye is 
adapted, because the circles of diffusion, formed in the eye, increase 
in size proportionately with the distance of the corresponding objects 
from the point of adaptation. Thus let A B (Fig. 95, a) be the line, 








Fio, 95, 


1 Porteetieh, On the Bye, wol. iv.y p. 423 (1750), Bdinburgh Medical Boys, ix, 
pe 185, Compare De Wecker et Landolt’s Traité complet Cophthalmologic, vol. \., pu 076. 
# Th..Young, Phil, Trunoactiona, y. 34, 1801. Compare, ax above, Trailé complet, 
vo. L, p O76. 
© Lehot, Bull, wnlvers. des wlences math., p. 417, Nov. 1929. Compare Traitd complet 
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advantageously employed for the determination of astigmatism, i., 
for that form of ametropia in which different meridians of the eye 
have different refracting power. 

Dr. Thomson has used still another method of optometry, based 

‘upon the measurement of circles of diffusion. His instrament, which 
he calls an ametrometer, is represented by Fig.96. A and B are small 
gas flames—the former being stationary, the latter moveable. By 
moving the slide C along the bar F', the light B may be brought into 
actual contact with A or moved 30 centimetres away from it. More- 
over, by raising or lowering the end (T) of the bar, B is made to tum 
about A. The angle, incladed between the vertical and the line on 
which the lights are, is given by an index (F) forming one end of the 
bar, which passes along a graduated semi-circle, The support H is 
hollow, and may be attached to any gas-pipe. 

The apparatus is pliced about 5 metres distant from the person to 

be examined ; each of the flames is given a diameter of about 5 milli- 
metres, - To an emmetrope they appear like two luminous points, An 
ametrope, on the contrary, sees them as two dises, whose breadth is 
proportional to the size of the corresponding circles of diffusion, ie., 
to the degree of his ametropia, The examiner now brings the light B 
toward A until the two dises touch each other. The distance 
required between the flames, in order that their circles of diffusion may 
be in contact, is evidently proportional to the diameter of one of these 
circles—iz,, to the degroe of the ametropia, 

Hence the bar FT may be so graduated as to indicate directly 

the degre of ametropia corresponding to each location of B; or a 
reduction-table may be added to the instrument, which table contains 
the tes ores of ametropia corresponding to the centimetres of the gradu~ 

ation. Emmetropia will always be represented by zero, since, in this 
case, the flames forming no circles of diffusion, they must be brought 
into actual contact in order that the two images may touch each 
other. 

To ascertain the nature of the ametropia, Dr. Thomson élips a 
| red glass in front of the eye examined, in such a way that half of the 
pupil becomes gradually covered by it, Then half of each disc of 
diffusion is coloured red; in hyperopia this coloured half is opposite 
the half of the pupil covered by the glass ; in myopia the coloration 
appears on the same side with the glass. This phenomenon is eusily 
explained, if we bearin mind what has been said (p. 245) about crossed 
| GH) and homonymous (M) monocular diplopia. In the former case 
the coloured portion of the luminous cone strikes the retina before, in 
| the Iatter case after, the intersection at the principal focus of the eye, 
and the retinal image is again inverted when projected outside, 


| 
| 
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If rays coming from this point enter the eye, the blue rays, being 
more strongly refiected than the red, will come to a focus sooner than 
the latter. The red rays, on the contrary, will be brought to a focus 
later than the blue ones, while the latter, past their focus, are diverging. 
Let ABCD (Fig. 97) be the section of a pencil of rays given off from 
ared-blue point sufficiently distant so that these rays may be regarded 
aa parallel. The focus of the blue is at 8, that of the red at r. 





Fro, 07. 


An eye is adapted to the distance of the luminous point, when the 
| circle of diffusion, received upon its retina, is at its minimum, This 
is the case when the sentient layer of the retina lies between the two 
I) foci (Ee Hig: 97); In this caso tho: point will eppoor os a small circla; 
composed of the two colours, that is to say—violet, If the retina be 
im front of this point, at the focus of the blue rays, for instance, the 
eye will perceive a blue point surrounded by a red circle, the latter 
being formed by the periphery of the luminous cone of red rays, which 
are focused only after having passed the retina, The blue point will 
become a circle of diffusion, Jarger in proportion as the retina is nearer 
the dioptric system, or as the focus for blue is farther behind it, But 

the blue circle will always be surrounded by a red ring (H, Fig. 97). 
If, on the contrary, the retina is behind the focus for red, the blue 
cone will be greater in diameter than the red, and we shall have a 
ved circle of diffusion, larger in proportion as the retina is farther from 

the focus, but always surrounded by a blue ring (M, Fig. 97). 

Tf the bloe-red point is 5 metres, or more, distant, the emmetropic 
eye will evidently see it more distinctly, de, as a small violet point ; 
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with a lens, a magnifying glass, an opera-glass, a telescope or opto- 
meter, &e. If it unites on its retina luminous rays given off from an 
object, after their passage through whatever optical combination, rays 
coming from a point on the retina of this eye are focused, by this 
optical combination, in an image situated where the object was in the 
former instance. Or, in ordinary terms, if I see an object distinctly, 
whether with or without an optical instrament, I am sure that the 
image of my retina will be formed where the object is, provided my 
retina be illuminated. 

Tt results from this consideration of the course of luminous rays 
in either direction, that the relations of direction and size are always 
the same between object and image. I mean that, if the eye receives 
an inyerted retinal image, one-twentieth as large as the object, any 
part of the macula forms, at the distance of the object, an object that 
is likewise inverted relatively to the direction of the retinal object, 
and twenty times as lange as the latter. 

Tn order to ascertain the course of rays emerging froma retina, the 
images formed by them must be seen, and, in order to see the images, 
the objoct must first be illuminated, The ophthalmoscope is made use 
of to illuminate the retina. Hence the objective determination of 
refraction is performed with the aid of ophthalmoscopy, 


A, Determination of Refraction by means of the Erect Image. 


‘The most accurate and most practical method of objective opto- 
metry is in every respect analogous to the first of the subjective 
methods which we have explained, and to which we have given the 
preference. The latter consisted, as will be remembered, in finding 
the glass which permits the eye to focus parullel mys on its reti 

which adapts the eye for distant vision, which corrects it or renders it 


We now seek the glass which renders rays, emanating from the 
retina, parallel, It will at once be seen that this glass is the same in 
both cases. This results from the preceding discussions, of which Figs. 

62 and 69 furnish a direct explanation. The myopic eye in Fig. 

eye tho polnt & in order to be able to focus 















‘The concave lens gives to the parallel mys just the 
and thus adapts the eye to infinity. Inversely, 
a olf from the point N, on the retina of this eye, would unite 

‘not for the concave lens, which renders them parallel by 





case remains the same (Figs, 62 and 63), In 
el rays on the retina at N, the convex glass gives 
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them the convergence required by the degree of the hyperopin, te, 
makes them converge toward the punctum remotum. This same 

gives a parallel direction to rays emanating from the retina N, and 
which seem, on leaving the eye, to come from R, It is, therefore, the 
correcting-glass that we are seeking, the one that renders the ametropic 
eye ermmetropic. 

Ifow are we to know whether or not rays coming from the eye are 
parillel? ‘This may be ascertained in a very simple way. 

It will be remembored that the emmetropic eye, alone, focuses rays, 
hitherto parallel, on its retina, Hence the observer has only to 
render himself emmotropic, if he ix not naturally so, by means of his 
correcting-glass, light up the retina of the eye to be examined, and 
look into it. If he sees distinctly the retina, the vessels, the optic 
papilla, &c., the rays emanating from the examined eye are parallel; 
otherwise he could not have focused them on his retina—eould not 
have seen distinctly. ‘The eye examined ix therefore emmetropic. Tf 
it is not, the observer sees only a diffuse red light coming from the 
JSundus oculi, but no clear detail, because the mys coming from it ar 
not parallel. ‘To make them go, he will interpose, betweon his own and 
the examined eye, convex or concave lenses until he finds one that 
gives him « clear image of the fundus of that This is the gles 
which renders paralle] the rays coming from its retina, the eorrecting- 
glass that indicates the nature and degree of the ametropia of the eye 
examined, 

Fig. 98 shows what takes place in such a case, E is the emme 
tropic examining eye, M the myopic eye examined, and BA an object 
at the fundus of the latter. Without the lens LL and the examining 
































Fio. 98 
eye, rays coming from B would have been focused at # and thee 
coming from A at A’. ‘These points Zand A’ ane determabned liy the 
rays of direction drawn through the nodal point / and the distance 


of the punctum remotum (p, 24). 
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The lens LL intercepts these rays, and renders them parallel. In 
order not to render the figure confusing, we draw only those corre- 
sponding to the point A. They strike the eye E as parallel rays, 
Among them is one, © K, which is directed toward K, the nodal point 
of E. Hence it is not deviated, and gives, on the retina, the point a, 
at which all rays emanating from A are focused; thus it is with the 
ray AJ, which bas passed through the optical centre (0) of the lens 
without being thereby deviated ; and with AD, which, on leaving the 
eye M, has not been deviated since it passed through the nodal point 
(®) of M, but is deflected by the lens, which rendera it parallel (PG) 
with CK and OJ. 

‘The same thing oceurs for the point B. Its image is formed at b ; 
and, since all the points included between A and B fortn their images 
between « and 5, ad is the image of AB. 

It will be noticed that this image is inverted, relatively to its object. 
Like all retinal images, it is again inverted by projection, All 
objects, that we see, form inverted images on our retina, and still we 
see these objects as erect ones—that is to say, in their real position, 
The same is true of the image that we receive, by the aid of the 
method in question, of objects at the fundus of an eye examined. 
‘We project it, outside, upright, and consequently ece objects, on 
the retina that we are observing, in their actual position. This is the 
reason why this method is called the examination by the erect image. 

After all that has just been said, it remains for us only to discuss 
the technique of this method. The principle involved must be 

understood, and is engy to put in practice, 

Tn order that exnet results may be obtained, the accommodation of 
the eye examined, as well as that of the examiner, must, evidently, be 
k Tepose. 

‘this desideratum is casily realised, Leaving a pro- 
tion out of consideration, the accommodation is 
y relaxed than when under the influence of an oph- 
mination, especially when the eye has no object of 









the examiner must also succeed in putting, at will, his accommo- 
n in a condition of reposo, This faculty is readily acquired 
ith s Tale oe Te is important that every ophthalmologist 
should become master of his own accommodation. ‘The best means of 
attaining Paria wo paertine giving a parallel direction to one's 
When they bay direction, the accommodation is ne- 
cast in ites cases ee the emmetrope and myope. Thus, 
while looking at a distant object and without changivg the direction 
of the eyes, one interposes in front of them a sheet of white paper on 


or 
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opening, in order that the stempaie effect may not falsify the result 
of the determination, The best way is 
to make the ophthalmoscope glasses 
of greater diameter than the pupil. 
In this case, the series of lenses may 
also serve for the subjective deter- 
mination of refraction. Why, indeed, 
should not the patient, in the simul- 
taneons investigation of his refruction 
and visual acuteness, look through the 
same glass that we use in looking into 
his eye? In this way the result of the 
subjective method may be directly con- 
trolled by that of the objective method. 
Hence an ophthalmoscope containing 
a fairly complete series of sufficiently 
Inge glasses may, to a certain degree, 
replace a trial-case, 

The author's ophthalmoscope (Fig. 
99) fulfils all these conditions. The 
lenses are so chosen that, by their 
combination, all the numbers which 
are used in ophthalmoscopy may be 
obtained. They are of 9 millimetres 
in diameter, therefore easy to clean, 
and quite lange enough for subjective 
optometry. 

Besides the convex lenses 15 and 
10 D (X, Fig. 100), necessary for the 
inverted image, the instrument con- 
tains also a concave 10 (V, Fig, 100), 
‘The two latter lenses can be added 
fo the series of the Recoss discs for 
the determination of ametropia, ex- 
ceeding ten dioptrics. 

One great advantage of this 
ophthalmoscope is that the number, 
resulting from the combination of the 
two discs, always appears along with 
the indication of its kind (4+ or —), 
and to the exclusion of all other 





‘The use of the instrument requires therefore neither calculation 
gr 
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nor any particular explanation. An astigmatism can aleo be deter- 
mined by means of a dise with a slit, which can be rotated im any 
diameter, the degree of rotation being marked on its circumference 


(A, Fig, 100). 
v 
A 
Fie. 100. 


The ophthalmoscope may be provided with mirrors parallel to the 
discs, a well as with a tilting mirror (M, Fig. 100). 

The direction of the mirror is indeed of great importance for the 
examination of the upright image. The inclination of the mirror 
being neceszary in order that the light may be reflected into the 
eye examined, the correcting-glasses will also be inclined, if they are 
parallel with the mirror. Their action in the direction of the inelination 
ix then increased relatively to that which they have in the direction 
of the axis around which the mirror has been revolved. ‘Frou: this 
results, for an eye looking obliquely through the glass, an effect 
analogous to that of astigmatism. ‘This difficulty may be avoided 
by adapting to the ophthalmoscope an oblique mirror, which remover 
the necessity of inclining the correeting-glasses, Mirrors of this kind 
have been introduced in practice by Loring, Wadsworth and others® 

It is very difficult, under ordinary circumstances, to diagnose 
degrees of myopia above 8 or 10 D by the erect image, This is due 
to the diminution of the field of distinct vision, as well as of ite illumi 
nation, caused by the position of the correcting-glasses beyond the 
anterior focus of the myopic eye, and by the too great diffusion of the 
retinal image of the source of light, 
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‘4s ophthalmoscope is to be bad at the opticians, Créite ii Party, and 
jew York. 
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These two difficulties have been removed in a most advantageous 
manner by a method due to Dr. Eperon.' He interposes, between the 
eye and the mirror, a divergent meniscus of 13 D, which, aa the case 
may be, converts high myopia into hypermetropia, emmetropia, or low 
myopia—all of which conditions of refraction are very easily esti- 
mated by the erect image. 

The employment of a concave glass renders it necessary to use a 
convergent mirror of very short focus (6 to 5 centimetres), whose 
surface should be at least 5 millimetres distant from the menisens. 

‘One important matter to consider is the point of tho retina to 
he chosen in optometry, Different parts of the retina being at 
different distances from the dioptric apparatus, the latter is not equally 
adapted to all of them; in other words, the refraction is not the same 
for all these parts, In practice, the question is nearly always as to 
whut is the refraction corresponding to the fovea ceatralis, Unfortu- 
nately this part of the retina is the least suitable for optometric 
observation. It is not sharply enough outlined so that it can be taken 
‘a8 a criterion of optical adaptation. The light from the mirror falling 
upon this, the most sensitive portion of the retina, produces a maximum 
contraction of the pupil; finally, this is just the direction in which 
reflections from the refractive surfaces (the cornea and surfaces of the 

ine) ure most annoying, being formed exactly in the path of 
the observer's line of vision, 

A more appropriate object from which to determine refraction is 
the popilla, with its clearly defined outlines, sometimes rendered more 
‘so by pigment, and, with its vessels, standing out sharply against the 
lighter background. Moreover, it. is not sensitive to light, and the 
reflections are a little to one side of the observer's visual line, when he 
is examining the entrance of the optic nerve. 

‘The refraction thus obtained is, however, not always exactly the same 
as that corresponding to the fowa centralis, It is sometimes little less 
than the latter, when a notable difference exists between the distances 
of the papilla and the fovea centralis from the dioptric system of the 
eye, a8, for instance, in the case of a deep posterior staphyloma, or a 

of the nerve due to swelling of its tissue, &c. But, in 
the majority of cases, the refraction corresponding to the external 
border of the papilla, nearest the maculs, does not differ enough from 
that of the Joven centralis, so that we need fear to use this portion of 
| the papilla in optometry. 
Another important question is as to where the correcting-ylass is 
| to be placed. We know that an infinite number of glasses will correct 
© Eyeron, ‘De la détormination b l'imoge droite dos degrée dlovés de miopio" (Arch, 
© aapte ge 3880. 
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45 near aa possible to the eye under examination, the distances between 
ee pe es anaes the great anajority of eases, 
be disregarded. We need only know the examiner's refraction and 
subtract the quantity, necessary to correct it, from the glass obtained, 
The emmetrope, since he needs no glass to focus parallel rays, 
finds directly the correcting-glass for the eye whose refraction he 
wishes to determine, 

A hyperope of two dioptries, for instance, will subtract + 2 from 
the ophthalmoseope-lens A convex & shows him that the patient 
needs a glass of 5—2=3 D, ic, that the latter is hyperopic by three 
dioptries. From a conenye 4 he concludes that the patient is 
myopic, and that the myopia is one of -4—2=6 D, 

‘The case is the same for a myope, only the subtmetion of his 
correeting-glass becomes, in reality, an addition. Thus, a myope of 
two dioptries, who sees with the convex 5, will know that the 
patient has a hyperopia of 5—(—2)=5 + 2=7D, If he needs a 
concave 4 in order to see the fundus of an eye clearly, he 
concludes that the patient is myopic by —-4-(-2)=-4+ 
2=-—2D. This patient’s myopia must be less than the glase 
found, since a part of the refractive power of the latter goes to correct 
the examiner's myopia. 

We cannot discuss all the possible cases. The reader will be able 
to do this for himself after what we have explained. 


B. Determination of Refraction by means of the Inverted Image. 


Just as the method of optometry by means of the erect image is 
the analogue of subjective optometry with the correcting-glass, so is 
that, in which the inverted image is used, directly comparable with 
RR raat nels wneee Leak 

be remembered that optometers based upon this prin- 
oie past essentially of a rather powerful convex lens, placed 
at a given distance in front of the eye to be examined, and that the 
refraction of the latter is determined from the distance at which 
| the test-types must be placed, in order to be seen distinctly, te, in 
order that the examined eye may receive well-defined retinal images 

| of them. 

We have only to reverse this, and we obtain the objective method 
of optometry by means of the inverted image. Lf we illuminate the 
fandas of the eye, the part of the retina which, in the subjective 
method, received the retinal image, now becomes the object of which 
the convex lens forma an image (evidently inverted) at the place 
whore the object was in the former case. One has only to replace the 
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diaphragm that carried the test-types by a ground glass, and the 
image of the fundus oculi will be produced on it. 

Just as, in the subjectice method, the distance of the object from 
the lens depends upon the refraction of the eye examined, so, in the 
objective mothod, the distance of the image from the lens is tmeersely 
proportional to that refraction. The greater the refractive power of 
the eye, the nearer to the lens is the inverted image produced. ‘The 
lens focuses the luminous rays which emanate from the eye, and 
which, without the help of the Jens, would be directed teward the 
punctum remotwm of the eye. The parallel rays of an emmetrops 
are united at the focus of the lens; rays from a myopic eye, already 
convergent before reaching the lens, are focused nearer to it; the 
divergent rays of the hyperope are united beyond the focus of the lens 

The analogy between these two optometric methods is so close 
that the figures that have served us when explaining the principle of 
optometers having a single lens (pp. 284 and 235) are the very ones 








that I drew, for a previous work,* with a view to demonstrate the 
formation of the inverted opthalmoscopie image. 

T reproduce them here. A single glance at them will suffice to 
show what we have just been discussing. The arrow mn 
an object on the retina, the convex lens, MN the inverted 
of the object produced by the lens, IX is the image of the 


ok 















ct that is formed by the ocular appamtus without the inter 
of the lens, It is necessarily at the puncte remotum BR, and) 
have actually been formed there in myopia (Fig. LOT), 





¥ ie. 101. 


Tn emmetropia (Fig. 102) it is produced at infinity, being cam 
posed of parallel rays, 





* Landolt, * Opiithalmon 
97 and 798%. 
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In hyperopia (Fig. 103) it ig not formed anywhere. Tt results 
only from the union (RX) of divergent rays, supposed to be prolonged 
backward 





Fro, 102. 

The convex lens (4) that we use in ophthalmoscopy is strong 
enough to render rays emanating from the examined eye convergent, 
whatever their primitive direction may be. Hence it unites them in 
areal image, which is inverted relatively to the retinal object m a, 
The distance MTL between this image and the lens is less (for the 
same lens) in proportion as the refractive power of the eye is greater. 





Fre. 10% 

If, therefore, we wish to apply this principle to optometry, the 
very first step will be to determine the dixtance at which the inverted 
image is formed. ‘This image being ral, the first idea that presents 
itself is to receive it on a screen, which might be inclosed in a tube 
containing the lens and ophthalmoscopic mirror. 

Experiments of this kind have been made for a long time. We 
may cite, among others, those of Snellen and those made by ourselves.* 
We have even calculated for lenses of 2", 4” and 6° focal-lengths, th 
distances of the inverted imaye for different degrees of myopia and 
hyperopia. 

* De Weekkor and Lauiiolt, foe. cit, p. 836 
» Landolt bn Grace und Saemisch, Haw? 
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However demonstrative the reception of the inverted image on & 
sereen may be, we dares not, on account of the difficulties that it pre- 
genta, recommend this method for the practical determination of 
refraction, If the mirror be placed at the observer's side behind the 
sereen, the latter receives mone light from the mirror than returns to 
it from the fundus of the examined eye. This interferes with clear 
perception of the inverted image. 

In order to better ascertain its position, we had recourse to a 
polished glass oceupying only a portion of the calibre of the tube, 
leaving the other free, as Loiseau and Warlomont also did in an in- 
strument to which they gave the name of ophthalmosecoptometer.* 
Moreover, they placed the reflector betwen the lens aud the eye to be 
observed, hoping in this way to avoid the inconveniences of illumina~ 
tion from behind the sereen and reflections from the convex lens 
But thoy were obliged to detract considerably from tho reflecting 
power of the mirror, by choosing & transparent one, The illumina- 
tion of the fundus oculé and, consequently, the luminous intensity of 
the inverted image, suffered from this. 

There is another method of using the inverted image for optometry, 
to the perfecting of which Loiseau has largely contributed, and which 
ecems to us much preferable to the preceding, SchinidtRtimpler? 
had the ingenious idea of making use, not of the image of objects at 
the fundus of the eye, but of the one formed them by an object 
placed at the point, for which the examined eye is adapted by the Tens 





Fic, 104, 


If an object o forms its image at O, then an object O will form its 
image at 0. The object O made use of by Schmidt-Rimpler is simply 


) Loisean and Warlomont, Annales a oe., t Ixexii., p 229, 187i 
* Schmidt-Rimpler, Berliner kin, Wochensehrift, No 4, 18TT. 
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the real image of the luminous source formed by the ophthalmoscopic 
mirror, 

Let § (Fig. 104) be the source of the light, the mirror C forms 
real image of it at O. This image serves to iuminate the fundus of 
the eye. If the eye be adapted for O, this image in burn forms a 
clear image at the fundus, The examiner will then see nob only the 
fandus of the eye, but also the image of the himinons source, clearly 
depicted upon it, Hence he has only to move the mirror toward or 
away from it, until he sees the image of the lamp distinctly, In this 
case the image formed by the concave mirror, and the inverted image 
of the examined eye coincide. This point of coincidence is easy to 
find directly, by means of a sereen, upon which the image of the 
flame, formed by the mirror, is most distinctly depicted. 

The point O being thus known, the refraction of the examined eye 
tight be deducted from it with the aid of a table similar to those 
that we have calculated for different convex lenses, 

The same result is reached, however, in a still simpler way. Ac- 
cording to a well-known optical law, viz.—When a conven lens is 
placed at such a distance in front of an eye that its focus coincides with 
the anterior focus, the nodal point or with the anterior principal point, 
in short, with one of the anterior cardinal points of the eye, in this cuse, 
similar differences of refraction of the eye (deprived of accommodation) 
require similar displacements of an olject in order that it may be seen 
distinetly, 


Fre, 105, 


‘The same is true for the image of the fundus of an eye furnished 
with a convex lens, Zo cach dioptry of ametropia corresponds the 
displacement of the point of adaptation of the compound system (eye and 
Tens) by the square of the focal distance of the lens, expressed in terms of 
the metre. as the focus of the latter coincides with one or 
the other of the cardinal points, the displacement of the clearly seen 


i 
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object, or of the inverted image, gives the degree of the ametropia, 
reckoned from the cardinal point in question or, what amounts to the 
same, the number of the eorrecting-glass placed at this point (Bravais)." 

With this principle as a basis, Schmidt-Rimpler succeeded in 
giving his method of determining refraction a very practical form. 
For the formation of an inverted image he uses a convex lens (L, 
Fig. 104) of 10 D, the focus of which coincides with the principal point 
(H) of the eye under examination. 

If the latter be emmetropie, the inverted image is formed at the 
other focus (F) of the lens. But should the eye be ametropic, the 
image will be placed further from the lens (hypermotropia), or nearer 
to it (myopia), It is evident, from what we have said before, that to 
each dioptry i envi corresponds a change in the position of the 


the image of m* n= ie, Leentimetre, measured from the foeus. 


In order to be certain of the distance of the lens from the eye, 
the rim of it is attached to a rod (Fig, 105). If the padded extremity 
be pressed against the border of the upper jaw, we can secertain 
whether or not tha focus of the lens coincides with the principal 
focus of the eye. 

For object and source of light (8, Fig. 104), the author uses a 
figure (Fig. 106) cut in a screen, which 
is illuminated by a lamp placed behind. 
With the help of this figure, the adapta- 
tion can be very well checked. Tf the 
latter is nob quite accurate, the sharp ont- 
lines of the figure vanish, and the finer 
bars of the trellis disappear. 

‘The observer, with the aid of a concave 
minor (C, Fig. 104) of 15-16 centimetres 
focus, reflects into the eye under examina- 
tion the image of this object through the 
lens L, and gradually approaches the eye 
of the person, holding the mirror always 
firmly before his own eye, until he sees with the greatest possible 
clearness the inverted image of the fundus, and on ft the trellis. 

Tn this case, the imag: of 8 reflected from the mirror comes to be | 
placed at O, for which point the eye, with the Tens D, is adapted, or, 
in other words, the point where the inverted image of the fundus is 
formed. In order to ascertain now the refraction of the observed eye, it 
is necessary only to measure the distance of the image from the lens, 
or from its focus, 





Fio, 108, 
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For this purpose, a tape which can be rolled up is fastened to the 
rod bearing the lens, in such a manner that the aperture in its case 
is placed exactly below the latter. The tape is divided into centi- 
metres. The ophthalmoscope is placed at the zero-point. While the 
observer rests the other end of the rod on the lower orbital margin, he 
presses at the same time on the button of the measure. The 
then easily approaches its case by means of the elasticity of the spring 
which rolls it up. The moment the mirror is in the required position, 
the observer ceases to press upon the button, and the tape, by means 
of a special mechanism, remains firmly held in its position. 

The distanee (CL), of the mirror from the lens, is read off. The 
distance (O L), of the image from the lens, is then obtained at once, when 
that of the mirror from the image is known. This is easily found ; 
the end of the red turned towards the observer terminates in a small 
metallic plate. Now, without changing the former position, the 
inirror is approached until the image reflected by it is sharply seen on 
the plate. Then the motion of the tape is again stopped, and the 
distance CO read off. The difference between the first (CL) and the 
second number (C 0) evidently gives the required distance OL. 

OL=CL-CO, 


If the latter cquals 10 centimetres, the observed eye is emme- 
tropic; if the distance is groater than 10 centimetres, the eye ia 
hypermetropic. For example, 13 centimetres correspond to a hyper- 
opia of 3D. If CO is less than 10 centimetres, we have to do with 
myopia ; 7 centimetres indicate, for instance, a myopia of 3 D. 

‘This principle of determination of refraction by means of the 
inverted image is certainly calculated to supply some deficiencics in 
the method based upon the examination of the erect image, It requires 
only « certain amount of practice, for which the observer is abundantly 
compensated by the advantages that the method affords, 


©. Pupilloscopy or Koroscopy (Képn, the Pupil). 


We have yet to speak of an objective method of determining 
refmiction that has, of late, roccived considerable attention. Woe shall 
designate it Pupilloscopy, or more grammatically Koroseopy, for reasons 
which will be easily understood. 

This method may be desoribed as follows :— 

‘The person to be examined is seated in a dark room, as for 
ophthalmoscopic examination. A lamp is placed at bis side, or above 
the head, a little behind the plane of his face, and a screen protects 
‘the latter from the direct light of the flame. 
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The observer, with an ophthalmoscope mirror (let us speak, at first, 
of a concave one), places himself about a metre from the patient. If, 
now, the light be thrown at first at one side of the eye, and then, by 
a slow rotation of the mirror around its vertieal axis, the Light be 
made to pass gradually noross the pupil, the latter is seen to be 
lighted up, sometimes first on the side from which the light comes, 
sometimes on the opposite side, while, at other times, all of it is 
equally illuminated from the outset. In the first case the pupillary 
lustre moves in the same direction as the mirror. Thus, when, by 
the continued rotation of the latter, the reflection commences to leave 
the eye, the brightness of the pupil seems to pass off in the same 
direction as the reflection thrown on the patient's face, and the shadow 
that follows it commences at the opposite side to cover the pupil. 

‘At other times, on the contrary, the light coming from the fundus 
of the eye moves in a direction opposite to that of the motion of the 
mirror. If we make the reflection pass from right to left (as seen by 
the patient), the right side of the pupil is first Huminated, then the 
whole of it. Finally, the light covering only the right portion, it is 
the left side of the pupil that is illuminated and toward which the 
lustre seems to pass, disappearing when the light ceases to enter 
the pupil. 

In still other cases the pupil seems, as we have anid, to be lighted 
up everywhere simultaneously, so that it is difficult te judge whether 
its lustre follows the movement of the mirror or not. 
‘This variety in the appearance of the pupil, under the influénes of 
ophthalmoscopic illumination, depends principally upon the refmetive 
condition of the eye, and may serve for its determination Bat te this 
end it is necessary that we know exactly how this phenomenon is 


produced 
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Let A (Fig. 107) be the examining eye, B the eye wader ex 
amination, L the light and M M the concave mirror, Let us suppose 
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this mirror to have a focal distance of 20 centimetres. Baing nearly 
150 centimetres from the lamp, it produces a real inverted image of 
its flame at a distance of 23 centimetres, at 2 This image evidently 
moves in the same direction as the mirror, If the latter rotates from 
right to left about its vertical axis, the image / passes from the right 
toward the left; if the former is inclined from above downward, the 
image descends, and vice versa. 

This real image Z plays, so far as the examined eye is concerned, 
exactly the same part as a luminous object placed 100 —23= 77 
centimetres from it, if the mirror is 1 metre from that eye. 

Hence the observed eye B receives a retinal image /’ from the 
flame / and, whatever be its refractive condition, the image is always 
inverted relatively to the object; but it will be more or less distinct 
according as the eye is better or worse adapted to the distance of the 
object. Thus, in our example, the image of the flame will be clenrly 
depicted upon the fundus of the examined eye, only when the latter 
is adopted to 77 centimetres, i¢,, if it has a myopia of 13 D or makes 
4n offort of accommodation corresponding to this distance. 

If the eye be less myopic or emmetropic, or hyperopie, rays 
emanating from each point of the object will form a circle of diffusion 
on the retina before coming to a focus, and the image will be diffuse, 
as well as inverted relatively to the object. 

A single glance at Figure 108 will make this clear, 

The dioptric aystem of the eye would unite rays emanating from 
the point A at the point a, situated on the line A K a, i, on the ray 
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which passes through the system without being deviated, because it 
passes through the nodal point K. After being focused the mys 
would continue their course, now diverging, toward dc, The same 
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with the image of the flame at the fundus of the eye, ic, opposite to 
thet of the motion of the mirror, 

But the case is not the same in myopia. Every myopic eye forma 


Regs tialn Eatederemete fae at nse Let us 

suppose the eye B (Fig. 107) to be myopic, and 2 its punctum remotum., 
1a es py lela bel crete omrpene sa ne lcd 
in the plane of 2, an inverted image of everything at the fundus of 
the eye, Among these objects must be counted the image (V’) of the 
fiame, Already inverted relatively to its object /, it is again inverted 
by the dioptric media of the eye. Its image A has, therefore, the same 
direction as |. ‘Hence it must also execute the same movements. If 
J moves with the mirror from right to left, and 7 from left to right, 
then A goes from right to left. 

Evidently !' is nothing else than the illuminated portion of the 
fundus cowl that the obeerver seca in the pupil of the examined eye, 
‘The pupil is seen in its real position, while the fundus cewli appeare 
inverted, If we make the luminous dise, which illuminates the eye, 
pass from right to left, the pupil is likewise lighted up from right to 
left, though the light really posses from left to right at the fundus of 
the eye examined. Hence it is that, in myopia, the ocular Justre 
moves in the ame direction with the concave ophthalmoscopic mirror, 

Tt will, however, at once be seen that there must be cortain restric~ 
tions in all this The observer A (Fig. 107) can see che inverted image 
of B only when it is at a certain distance in front of him. 

If he approaches the eye examined near enough to intercept the 
mys emanating from it, before they have reached their focus, as 
happens where A is between # and B, the inverted image is not 
formed in the air in front of the observer, but only in his eye, as in 
emmetmpian and hyperopia, though with less distinctness. This is 
what happens if the myopia of the examined eye is of low degree, and 
its peactum remotwm very distant—beyond the examiner, In this 
ease the pupilloecopic phenomenon is the same in myopia as in emme- 
tropia and hyperopia. Hence it is impossible to diagnose the nature 
of ametropia at a glance, and from simple papilloscopic inspection. 

If the observer is 1 metre from the patient, the punctum remotum 
of the examined eye must be less than a metre from the latter, in 
order that the observer may see the inverted image, In other words, 
in order that the myopia may reveal itself, by the distinctive signs 
that we have explained, for a distance of 1 metre, it must be of more 
than a dioptry. Hence it ix well, in simply dingnosing the refractive 
eeepc vation one’s self, with the mirror, more than a 
metre away from it, 

‘This distance between the patient and the oxaminer also has, 
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for the plano mirror, In thie caso the lustre moves with the mirror 
in hyperopia, in the opposite direction in myopia, and so forth, always 
the inverse of the case with the eoncave mirror, 

This is easily understood. The concave mirror produces a real 
image of the flame in front of it—between it and the patient, ‘This 
image, which is the object for the observed cye, moves in the same 
direction a2 tho reflecting surface of the mirror, Tho image from the 
plane mirror, on the contrary, is a virtual ono, situated behind the 
mirror, and moves in the direction opposite to that of the surface 
turned toward the person being examined. 











Fra, 109, 


Thus, let L (Fig. 109) be the luminous source and B the eye under 
observation. When the plane mirror has the position M'M’, it 
reflects the light along LX’Y’ and L appears to the eyo B aa if 
situated at L When, by the rotation shown by the arrow, the mirror 
is given the direction M’ M’, it reflects the light alongLX"¥". Hence 
L appears to be at L’, while, by the rotation of the reflecting surface 
from right to left, the reflection has also been carried from Y’ to Y" 
(which would likewise have ben the case with the real image from 
the concave mirror). The Iuminous source has, on the contrary, 
moved from left to right, from L/ to L*. It is this light L’ or L” that 
illuminates the fundus of the eye B, of which the latter receives an 
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We gave the first explanation of it, which was reproduced in part, 
and under our name, by Mengin, in one of his publications.* 

Parent, who has studied this method with special care, has dis- 
cnssed it in all its details, and has considerably enhanced its value by 
amaking use of correcting-glasses, placed in front of the pationt’s eye, 
Tn this way he succeeds in determining the degree of the ametropia, 
which is not possible from simple observation of the reflex.* 
Charnley? also gives a perfectly proper explanation of the method. 


T1.—DETERMINATION OF THE DYNAMIC REFRACTION OR 
OF THE AMPLITUDE OF ACCOMMODATION, 


The amplitude of accommodation is, as we have geen, the increase 
in refractive power that the eye can assume by means of the con- 
traction of its ciliary muscle, by its dynamic refraction. In order, 
therefore, to obtain the amplitude of accommodation, we must first 
know the refraction of the eye when it is at rest (i), and then 
determine that which it attains under the influence of the maximum 
curvature of its crystalline lens (p). The difference between the two 
is the amplitude of uecommodation (a) = 


a=p-r. 
(Sea p. 169) 

Tn the preceding chapters we have given the methods used for 
Actermining the static refraction (r) of the eye, te. its minimum 
refmetion. We found that it waa given by the distance R of the 
prenctum vemotwm, of which it is the inverse: r=h 

Tt remains for us to explain how we succeed in determining the 
mazimum refraction of the eye, or that which it presenta when 
adapted to the nearest point (punctum proximum) that it can clearly 


‘This maximum p is, as we know, the inverse of the distance P of 
the punctum provimum : p= 
Just as is the ease for static refraction, we have two principles, 


4 Mongin, De ta Rratoseapie (Reewest d'ophth., April 1878). 

# Parent, 10 ba bératoreopie > Pratique ct théorie (Recueil ophth., Wats. 1880, p. 65). 
Bératorcopie (A ML lo profomeur Cuignet) (Recuaid July 1880, p. 424). Comment 
Tipo rea area ae ne a ‘Apel 1882, p. 216), 

ef determination de Pastiymatiame (Parks, 1881, p. 15), 


Rep, ox, part b). acre came cs Rowse pure st rock 
dle ditermination sea rifraction dit bévotoscopie (Arch. méd. Balges, Tuly 1882). Morton, 
Refraction of the Eye, de, London, 1361, p. 27. Chibrot, Dvecrminotion quantilative de 
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Se Ni eee tA geet NI 
by the following method, of which we make use in 

Takea tape, graduated on one side in centimetres and on ate other 
in focal distances of dioptries, with the numbers of the corresponding 
dioptries, The zero-end of this tape is attached to the handle of a 
frame, into which may be introduced either a perforated diaphragm or 
a“ paper with any kind of test-objects, as threads or hairs. This frame 
is brought toward the eye until the objects commence to appear 
indistinct. At this moment the tape shows on one side the distance 
(P) of the punctwm Prowianum and, on the other, the corresponding 
dioptries (p), the maximum of refractive power of the eye, 

For an emmetrope the number of dioptries thus obtained equals 
the amplitude of accommodation, because, since his punctum remo- 
tum is situated at infinity, his refraction at rest is7=0. Hence the 
amplitude of accommodation a=p—r=p—0 =p, 

In order to make this same method applicable to amotropia, we 
leave in front of the eye the glass that corrects its real amotropia 
(total hyperopia or real myopia), Thus it is emmotropic, and the 
experiment with the tape is the same as for the emmetrope, The 
divisions give directly the amplitude of accommodation. Or, using 
the instrument with the naked eye, we introduce, in the formula for «, 
the value of r, as we have done above. 

‘We have seen that the principle applied, in optometers, to the 
determination of static refraction, consists in giving to luminous rays 
such a direction that they seem to come from the punctum remotum 
of the eye, It is evident that we can, in the same way, give to 
luminous mys the direction that they would have if they came from 
the punctum procimum, Thus, any optometer may serve for the 
determination of the punetum provimum and, consequently, of the 
amplitude of accommodation, 

A simple lens suffices for determining the refmetion of the eye at 
the moment of its maximum accommodation, Thus, for a person 
whose punctum pronimum is situated at a finite distance, it amounts 
to the same thing whether he looks at an infinitely distant object 
through a concave lens or, without a glass, at an object situated at 
the focal distance of the lens before used. In fact, the concave lens 
gives, to parallel rays coming from a distance, the divergence that 
they would have if they came from ita foous. To see at, a 
refraction of + 6 D is requisite. In order to see at a distance 
through a concave (negative) lens of 6 D, an excess of positive 
gefraction amounting to 6 D is evidently neceseary, in order to 


* Seo Fig: 110,—Landolt’s Ophthalmo-Dynamumeter, 
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an accoramodative effort of two dioptries, is requisite to correct it, If 
this eame hyperope still gees at a distance with the convex 8, this 
proves that his accommodation is not only strong enough to correct 
his hyperopia (r=2D), but that it can, besides, overcome a concave 
lens of 8D, Hence in our example it amounts to 2 +8=10D, 

A case may be found in which the hyperope sees at a distance 
without 0 convex glass, but not with even the weakest concave ; if so, 
his punctum pranimum is at infinity (P being equal to co, =p=0), 
and the amplitude of accommodation is equal to the degree of the 
hyperopia which this cye just succeeds in correcting by exerting its 
entire accommodative power. So, too, in the formula a=p—7, p is 
equal to 0, and @ becomes equal tio r:a=0—r=7. 

Again, it may even happen that the maximum effort of accommo- 
dation does not suffice to wholly neutralise the hyperopia, The eye 
remains adapted to convergent rays, though these are less convergent 
than if the acoommodation were passive, Not only is it incapable of 
overcoming the action of any concave glass, but it still stands in need 
of a convex one to correct the remainder of its hyperopia and adapt it 
to infinity. If the strongest convex glass gives the measure of the 
refraction of the eye when at rest (r), the weakest convex glass indi- 
cates the maximum refraction obtained with the aid of the accommo- 
dation. Hence the difference between the two is still the amplitude 
of the accommodation. A hyperope of 41D, who still sees with the 
convex 1, has an amplitude of accommodation a=4—1=3 D. 

Tt may seem astonishing to find the classical formula, a=p—r, 
apparently reversed in this case. In our example we have a=r—p. 
But the difference is one of appearance merely. It will be remem- 
bered, that the refraction of the eye being expressed by a positive value 
ns long as the eye is adapted to a finite distance, ¢.c, to a point situated 
in front of it, it must necessarily become negative and take the minus 
sign when the point to which the eye is adapted is behind it—ée 
when it ia virtual. 

Tn the example selected, the punctum remotum, as well as the pune- 
tum procimum, is virtual ; hence x and p are both negative, and the 
formula for the amplitude of accommodation becomes a= —p—(—r); 
that is to say, a=r—p, 

‘The same consideration explains also the fact that the punctun 
proxtmum, in this case, is farther from the eye than the punctum re- 
motum ; it corresponds to the focus of the weakest convex glass with 
which the hyperope sees at a distance This focus is farther away 
than that of the correcting-glass of the ametropia (r),—ic, of the 
strongest convex glass that adapts the hyperope to infinity. But 
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If the use of glasses alone doos not prove satisfactory in the deter 
mination of the accommodative power, still they are of service, at 
times, by rendering the direct examination of the punctum proximwm 
more precise. In cases where the latter is very close to the eye, an 
excursion of only a few centimetres changes the estimate of the 
refractive power several dioptries and thus alters the result of our 
examination. Between 7 and 11 centimetres, for instance, the refrac- 
tion varies four dioptries ; from 5 to 10 centimetres it varies even ten 
dioptries, while from 23 to 50 centimetres it varies only two dioptries, 
Hence the determination made at this latter distance offers a greater 

of aeeuracy than that made at a very short distance. 
Nothing is easier than to give to the punctum provimum any desired 
distance from the eye. We have only to provide the examined eye 
with a concave glass, stronger or weaker, according to the eye's 
refraction and accommodation, and instead of moving ourselyes within 
the narrow limits of a few centimetres in front of the eye, we can 
amake our examination, with more ease and accuracy, ab a greater 
distance. It is self-evident that the number of dioptries of the con- 
cave glass will be added to the refractive power of the eye, as found 
by the determination of the punctum promimum. 

Just £0, in the case of strong hyperopia and feeble accommodation, 
the punctum proximum may be brought nearer by means of a convex 
lens, whose number will afterwards be deducted from that represented 
by the eye when adapted to this, its factitious punctum provimum, 

Accommodation, being due to a voluntary act, the contraction of a 
muzsele, could never be determined with the same accuracy as the atatio 
tefraction. The latter corresponds to repose of the eye, a condition 
that can even be prodaced by force, with mydrintics. Agents which, 
like eserine, provoke a forced contraction of the ciliary muscle, do not 
render an equivalent service for the determination of accommodation 
that atropine and its substitutes do for that of refraction. If, in 
pretice, we seek the punctum proximum, we wish to know the 
maxitnum refraction that an eye can assume under the impulsion of 
the will alone, and not under the influence of a cause foreiga to the 
organism. ‘This will being manifested especially in the interest of 
near vision, the person examined should always be permitted to be 
himself master of his desire to see distinctly, and the judge as to the 

in which he suceeeds in so doing. In other words, we are 
dependent, in the determination of accommodation, upou the patient's 
good aabure and intelligence; a fact which often deprives the ex- 
amination of the desired accuracy. 

Tt is for this reason, too, that there exists no oljective method 
(properly so called) of determining the amplitude of accommodation. 
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Our ophthalmo-dynamometer serves to determine the maximum of 
convergence. It consists essentially of a metallic cylinder (C, Fig. 
110) blackened on the outside, which can be fitted on a candle (B) 








Fro, 110,! 

of ordinary size. The cylinder has a vertical slit, 03 millimetres in 
breadth, covervd by a ground glass, ‘This being illuminated by the 
flame of the candle, forms a luminous vertical line and serves as 
an object of fixation, Beneath this is attached one end of a tape 
measure that can be rolled up by means of a spring, This is gradu- 
ated, on ane side, in centimetres and, on the other, in the corre- 
sponding numbers of metre-angles (or, what amounts to the same 
thing, in dioptries), 

If it is desired to find the punetwn provimwm of convergence, the 
tape measure is drawn out to about 70 centimetres, its case being held 
beside one of the eyes of the patient, while the object of fixation, 
tumed towards him, is placed in the median linc, If the patient see 
the object single, then, by pressing on the knob of the case, the eprin; 
is made to roll up the tape, and thus the observer brings the fixation 
object nearer to the eyes, taking care, however, that it always remains 
in the median line. The moment the person under observation com- 











* The featrament fe to Le had ot the opticians, Koulot in Paris, and Meyrowite in 
New York. 
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only very seldom. Further, in the majority of cases, it is sufficient to 
have rendered the patient attentive to the second image by means of 
4 coloured glass. We therefore use it only at the commencement of 
the experiment, and sometimes to verify the patient's answers. 

Tt is always advisable to wateh the eyes of the person under 
examination, and in most cases they will be seen, at first, to follow the 
object correctly ; then, in a certain position, a breach occurs—one eye 
seems to stand still as if it hesitated, and, finally, when the object 
has approached still nearer, it sworves outwards. 

At this last moment, however, the punctum provimum has already 
been passed over. The maximum of convergence is attained when 
the hesitation begins, and, in many cases, even before this. It is 
important, in those cases, to make the patient attend to the appearance 
of tho diplopia, 

In healthy individuals, the punctum proximum of convergence 
often lies not very far from the end of the nose. In such cases, 
where P can be only approximately determined, the accurate determina- 
tion of p=" becomes difficult, since, as we have already seen in the 
case of the accommodation, a difference of 1 centimetre may be 
equivalent to several metre-angles ; 7 centimetres=14 metre-angles ; 
6 centimetres=16 metre-angles; 5 centimetres=20 metre-angles. 
Tn these cases we can make use of a method analogous to that used 
in the determination of the maximum of accommodation—that is to say, 
by artificially increasing the distance of the punctum proximum. In the 
case of the accommodation we made use, for this purpose, of concave 
glasses, whose neutralisation was brought about at the expense of a 
certain portion of the dynamic refraction; here we can, in a similar 
manner, use adducting prisms, which render convergence more diffi- 
eult, If we place, for instance, a prism of about 10°5 before each 
eye, with the apex inwards, thoy must have a convergence of 3 
‘metre-angles, in order to ace a distant object single. 

Tf the latter has approached, binocular fixation always requires 
3 metre-angles of convergence in addition to that which corresponds 
to the distance of the object. If a person possesses a maximaum of 
convergence of 13 metre-angles, this ie already reached when the 
object is at a distance of 4, and not +75, at 10 centimetres instead 
of 75 centimetres, since, in the first case, he makes use, not alone of 
10 but of 10 + 3=13 motre-angles of convergence. 

It will, however, vory rarely be necessary in practice to resort to 
this stratagem, since, as we have seen above, 10 metre-angles of con- 
vergence aré sufficient for ordinary work, and it is not of great 
importance to know accurately whether a person has 13 or 14 metre- 
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compels the eyes to diverge in orler to obtain binocular vision of an 
object placed at a distance. 

Such an instrument, the principle of which has alroady been 
Pointed out by Herechell, can be obtained by superposing too prigms 
of equal strength, which can be rotated in opposite directions. It 
may be purchased, mounted on a handle, on which is given the 
degrees of the priam resulting from the union of the two component 
glasses. To the above scale, I have added two others, on the rim 
of the instrument, which give, for a base-line of 64 millimetres, and 
for one of 58 millimetres, the number of metre-angles necessary for 
each eye to overcome a prism of given strength. 

It is not difficult to show the relation existing between the strength 
of any prism and the number of metre-angles which expresses the 
deviation produced. For a base-line (or distance between the centres 
of rotation of the two eyes) of 58 millimetres, as in children, a metre- 
angle corresponds to 1° 39’ 39’—say 100" 

The deviation produced by a prism may be taken as equal to half 
its angle of opening, which is marked on each prism in our trial cases, 
or on the hand of the double prism. Therefore a prism of X° will 
produce a deviation of ¢ or of “3. It is necessary only to divide 
this value by 100, in order to obtain the corresponding number of 
metre-angles + ES FY 

‘This fortwula, reduced to ite simplest expression, becomes S*, that 
is to say, we have only to multiply the number of the prism by 3, and 
divide the prism by 10, in order to find, in metre-angles, the deviation 
for a base line of 58 millimetree, 

When the prism is held before one eye only, as in the determinn- 
tion of the minimum of conveyance by the double prism. a action is 


divided eee the two eyes. The total deviation 5* x gives for 


each eye ax A prism of 6° produces a deviation of Scene 
angles. But, if both eyes concur to neutralise its effect, each eye need 
only change its direction z = 04 metre-angle, It is only when a 
prism of 6° is placed before each eye that the full result of 18 metre- 
angles is obtained ; always, of course, for a base-line of 58 millimetres. 

When the base-line is longer, for example 64 millimetres, as in 
adults, the metre-angle becomes 1° 50’=110', and the formula becomes 
SF for the deviation corresponding to the prism of X”, or for the 
een ne 4 lar Ss placed belora ane ly, 

The mean hetween these two fractions, S¥ * and is X or X 
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lat, The convergence remaining unaltered, by how many dioptries 
can the accommodation be increased or diminished ? 

2d, The accommodation remaining wnaltered, by how many metre- 
angles can the convergence be increased or diminished ? 

‘These determinations were first undertaken by Donders and 
MacGillavry,? by means of an appamtus consisting of a quadrangular 
bourd, 162 centimetres long and 24 centimetres broad, kept in a 
horizontal position by a standard capable of being lowered or raised 
at will, One end of the board has a notch for the nose of the person 
under examination, The position of the eyes is determined by two 
‘wooden rods, rounded at the ends and drawn out at pleasure, against 
which the chooks rest. From in front of each eye a divided groove 
extends the whole length of the board, perpendicular to the base-line. 
In front of each eye is a grooved half-circle for holding lenses, and 
moveable in an arched groove, whose centre of curvature is situated 
on an imaginary prolongation of the horizontal groove, within the eye. 
The eyes should be so placed that theirnodal points may, a3 nearly as 
possible, be over the line passing through the zero-points of the 
divisions of the longitudinal groove, and so that their centres of 
rotation may be considered as coincident with the centre of the above- 
mentioned arcs, Then the lenses may always be given such a position 
that their axis will correspond to the lines of fixation, Two small 
microscopes, attached to the board, indicate, by the crossing-points of 
their micrometric threads, the position of the cornce: of the eyes under 
examination, and are useful in watching and controlling the position 
of the latter. The half-rings, which contain the lenses, can be moved 
toward, or away from, each other, so that the distance between the 
lenses may always correspond to the distance between the eyes of the 
pemon under examination. 

From the middle of the space between the eyes, a third longi- 
tudinal groove rans parallelly with the two above mentioned. In it 
slides a piece of wood destined to carry the object of fixation, The 
latter consists of a few hairs stretched across a small frame, or of some 
very small holes in a metallic diaphmgm. 

Distinct vision of this object demands a greater or less effort of 
convergence, in proportion as the object is nearer to, or further from, 
the eyes. In apparatus of this kind, as found in trade, the median 
grodve is marked with two scales, indicating the angles of convergence 
for two different distances between the centres of rotation,—that is, 
for two base-lines, one 64 and the other 54 millimetres in length, 


* Donders, Holtitndisohe Meitrige, £0, vol. 1, p. 37%, 1846, and MscGillavry, 
Oniervakingen over de Kagroctheid der Accommodatic; Inwag. diss, Utrecht, 1858 
Deoaders’ Anemalics, de, p. 97. 
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To determine the maximum of relative convergence (p,) we place 
before the eyes concave glasses of successively increasing strength, 
which require an increasing effort of accommodation. To find the 
minimum of relative convergence (71), convex glasses, on the contrary, 
are used. 

The strongest concave glass that can be borne, without prejudice 
to binocular and distinct vision, gives the positive portion, and the 
strongest convex glasses the negative portion of the amplitude of 
relative accommodation ; and the difference between them constitutes 
the relative amplitude of accommodation, ay. 

These experiments are made for different degrees of convergence, 
and the results noted on diagrams,—i.c, on a system of co-ordinates. 
On the horizontal lines (abscisser) are recorded the degrees of conver 
gence ; on the vertical lines (ordinate), the degrees of accommodation, 
Hence the figures placed on the vertical line, at the left of the 
diagram, indicate metre-angles; and those at the bottom, on the 
horizontal line, dioptries. We have already given and explained a 
series of such diagrams (pp. 202-218, Figs, 82-88). 


CHAPTER IV. 
ASTIGMATISM, 
T—REGULAR ASTIGMATISM, 


Heneroroxe we have considered the refractive surfaces of the eye as 
surfaces of revolution,—i.,, as produced by the rotation of an cllipse, 
or circle, abont the optic axis, A surfaco of this kind has, necessarily, 
the same curvature in all its meridians ; every plane passed through 
the axis is Hmited by the same curve, viz, the curve which, by its 
rotation, has engendered the surface. From this it follows that light 
is equally refracted in each of these meridinns, Rays emanating 
from a luminous point are focused on the axis by each meridian, and 
at a single point of the image. The union of the foci of all the meri- 
dians constitutes the focus of the surface. 

It is true that we made a certain restriction in the case of a 
spherical surface (p. 12). We said that the farther the zone, through 
which the rays pass, is from the axis, the nearer to the surface their 
focus will be; so that rays passing through a sphere are not all 
united exactly at one point, But they are, at least, all focused on the 
axis. The focal line formed by them, in the least favourable case, 
coincides with this optic axis, Moreover, if the image, of a luminous 
point, formed by a spherical surface, bo received upon a screen held 
perpendicularly to the axis, this image is everywhere a circle, or a 
larger or smaller luminous point—ie, always similar to its object, 

The focusing is more nearly perfect for an ellipsoid of revolution 
than for a sphere, since, on account of the gradual diminution in cur 
vature of the ellipsoid, the eccentric mys are directed toward the same 
point as those passing nearer the axis, 

‘The refractive surfaces of a perfectly formed eye are very like an 
ellipsoid of revolution, called, in this case, ellipsoid with two axes, 
‘One of them, the major axis of tho ellipse, is, at the same time, the 
optic axis and that of rotation ; the other is perpendicular to it and is 
equal in all moridians, 

When speaking of the form of the dioptric surfaces of the eye, 
we said that eyes so perfectly constructed are rarely found; that the 
curvature of the cornea, for instance, is nearly always greater in some 
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The meridian of the greatest and that of the least refraction are 
called principal meridians, They are generally perpendicular to each 
other. In our example they are the vertical and horizontal meridians 





Fo. 11 
ive wurface; L/ 1! and 17 1", sections of « 
C’, {ts contre of curvature; 





A A’, optic ft the refers 
Fencil of parallel luminous rays; V, vert 
H, horizontal meridian ; 0", ite centre 
Tho red lines initicate that in V cht arm, of the creas 
rewottiog from the combination of the t ‘ered with a coloured 
gina They show, st the same tine, the coloured portions of the images of diffusion. 
The figures (I. to VIIL) in tho fourth row, whose ¢ 
Gurrespond to the Lines of the fourth, are slightly reduced for the mak 
Had thie reduction not been made, wine of them would have overlapped 











I the 





upper 











otire should mxactly 
clearness 
the 









Let us suppose a luminous point situated on a prolongation of the 
optic axis, at infinity. If emits rays parallel to this axis. A pencil 
of such rays, with the diameter L’ L’=L” L”, strikes the surface. In 
order to take into account only what happens in the vertical meridian, 
Tet us place in front of the eye a diaphragm with a narrow vertical 
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Beyond the second focus the position of the coloured branches is 
inverted, relatively to their primitive one; the descending and left 
branches are the red ones. Thus we readily know whether the 
Tuminous pencils have been intercepted by the screen before or after 
the crossing of the mys belonging to cach of the meridians, 

‘We learn, in this way, what occurs when a pencil of parallel 'rays 
passes simultaneously through the two principal meridians isolated. 
The Juminous pencil, whose origin is a point, nowhere forms an 
image like a point, Its image is sometimes a cross, in which either 
‘the vertical or horizontal bar predominates. At the focus of the 
Yertical meridian, it is a horizontal line, At the focus of the horizontal 
meridian it is a vertical line. Or, again, it is a cross with arms of 
equal length between the two foci, but nearer to the focus of the 
more refractive than to that of the leas refractive meridian,* 

‘Tho experiments that we have just described, as mado with the 
two principal meridians, do not permit us, however, to draw con- 
clusions as to-what occurs for the whole astigmatic system. Tn 
order to do so, we must examine the intermediate meridians ax well. 

Tet us then place a diaphragm, with an oblique slit, before our 
astigmatic artificial oye, A strange phenomenon is thereby produced. 
Placing the screen at 1, a rather broad line of diffusion, nearly 
panillel with the slit, is obtained. 

In proportion as the screen moves away from the system, the 
image of diffusion shortens, becomes more distinct, and inclines 
toward the horizontal. At the focus F’, the image of the point is a 
short horizontal line. If we continue to withdraw the screen, the 
line keeps turning. The right end of it, for instance, gets lower and 
lower, while its left extremity rises, until, at the focus F’ of the 
horizontal meridian, the image becomes a vertical line. At the same 
‘time the line has gradually lengthened, 

Carrying the screen still farther away, wo soe, finally, that tho 
line approaches its primitive direction, It becomes longer and, at 
the samo time, broader, 

Moreover, by covering half of the aperture with a colonred glass, 
the final image of diffusion is shown to be the inverse of the one 
obtained at the outset, If we cover the upper half of the aperture 
with the red glass, the upper half of the image is red at first, while 
it is the lower half of the image that is red when the screon is at, 
or beyond, the second focus. 


* Lat us sak, in pamiog, what wonld have happenod, undor tho mamo conditions, in 
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decomposing the latter into its different meridians, as we have just 
done with the crucial opening in the diaphragm. Nevertheless, we 
preferred to make this analysis, since the form, alone, of the diffuse 
image docs not indicate what part each meridian takes in its forma- 
tion, and it is indispensable to know this if we are to judge correctly, 
and thoroughly understand the action, of an astigmatic systen,.* 

An astigmatic person, then, never sees a point in its real shape,— 
ie, a8 a point; sometimes it appears to be an ellipse, at other times a 
circle and, at others still, a line. Hence the term astigmatiom, derived 
from the Greek a, privative, and oriyna, a point, It was Whewell 
who introduced this term into ophthultnology. 

We know now how a luminous point appears to the astigmatic 
eye; itis as an ellipse, ora fine perpendicular to the meridian that is best 
adapted to the distance of the point, unless it be as a diffusion-circle 
between the distances of adaptation of the strongest and weakest 
meridians. How does an astigmatic person see a line ? 

The way objects generally appear to such a person must result 
directly from the way he sees a point. We have only to consider the 
line a3 composed of a great many point. For each one of them pre- 
cisely the game phenomenon is produced as for the single isolated 
point. Thus let us still suppose the vertical to be the most, and the 
Aorizontal to be the feast refractive meridian, We now place a vertical 
line (L, Fig. 112) at a certain distance from the patient. 

If neither of the principal meridians is adapted to the distance of 
‘this object, the line will appear elightly elongated, owing to the diffu- 
sion-image, of each of the points composing it, produced by the vertical 
meridian. Tt will also seem somewhat broadened, on account of the 
diffasion produced by the horizontal and intermediate meridians (II, 
Fig. 112), 

Af the vertical meridian is adopted to the distance of this vertical 
line, if we have brought the artificial eye nearer the line, or withdrawn 
the screen, which represents the retina, enough so that the latter is 
Jast at the focus of the vertical meridian, the line appears very diffuse 
(UL, Fig. 112), It does not now seem elongated, because there is no 
longer any diffusion in the vertical direction, but it appears broadened, 
because the rays that have passed through the other meridians, 
coyeaayh those rire! through the horizontal one, form horizontal 
images of dil 

+ = who has contributed s0 largely 
to our knowledge of the optic apparatus of the eyo, and of astigmatiaa in particular, ehows, 
by seeans of coloured threads stretched between two boards, the course of lutninous raye 
‘in the astigmatic eye. A full deseription of this, with that of another, not loa ayaclon, 
method f demonstration, will be found in the Transetions of the American Medical 
Amociation, 1380, p. 869, 
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Retween the two foci the line is again, apparently, somewhat 
elongated and still diffose (IV.), until it becomes distinct ut the 
focus of the horizontal meridian. (V.). 
This fact is casily explained. Each of 
the points composing the vertical line 
forms, at the focus of the horizontal 
meridian, not a horizontal diffusion- 
image, but a vertical line of diffusion, 
All these little diffesion-lines overlap 
cach other, and only give to the line 
a slightly elongated appearance. Tt 
is not, on this account, indistinct; iv 
remains a well-defined line, without 

Foo. 2 breadth, because there is no diffusion 

in the direction of a perpendicular to 

the line, but in the direction of its length only. Beyond the focus 

of the horizontal meridian, the line again appears diffuse in both 
these directions, 

Hence, in short: a straight line iz seen distinctly by an astigmatic 
eye only when the meridian, to which it is perpendicular, is adapted 
to its distance. A vertical fine is seen distinctly when the horizontal 
meridian is adapted to its distance. It appears indistinct when its 
image is formed by the vertieal meridian. 

When the line is parallel with an intermediate meridian it is not 
seen distinctly at any distance. The mys emanating from its com- 
ponent points being in this case nowhere focused, the line always 
forma an image of diffusion. Other things being equal, the diffusion 
images formed by the intermediate meridians are, however, less 
extended than those due to the principal meridians. From this it 
results that, if the line be seen most distinctly when it is perpendicular 
to one of these two meridians, the image of it that is formed by the 
other one i more indistinct than that formed by any one of the inter- 
mnediate meridians, 

‘The way in which an astigmatic person sees points and lines Ted 
to the discovery of this irregularity in the refraction of the eye, It 
still serves for the qualitative and quantitative dingaosis of this 
special form of ametropia, 








Seat or Reautar AstiqMatiat. 


The inequality of refraction in the different meridians of the eye, 
which constitutes regular astigmatism, is due to anomalies of curvature 
in its refractive surfaces, or to eccentricity of these surfaces, or to both 
these causes existing simultaneously. 
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Tt may be congenital or acquired; in the Intter case either 
from irregular development or even irregular action of the eye, or 
from some external cause, as a traumatism. 

We have already spoken of a slight irregularity of curvature, 
which we may now cal] astigmatic, from which the cornea is rarely 
exempt. But, beyond this degree, which may be entirely disregarded, 
this deformity may assume such proportions that it affects not only the 
whole dioptric apparatus but also the entire globe of the eye," indeed 
even half, or the whole, of the head. The eye and the corresponding 
part of the cranium seem flattened and compressed, in one or another 
direction. 

There are eyes, the vertical diameter of which is less than the 
horizontal, and in which the vertical meridian, of the cornea and of the 
surfaces of the crystalline, ia more convex than the horizontal, There 
can be no doubt that in such a case one common canse has produced 





Fro. 113. 


Circumference of the cranium viewed from above ; the frontal hone above, 
the occipital below. ‘The left eye proeented » simple myoplo uatiymatinn 
of 1 D, the right eye a myvpia of 5 D, with myopic aatizmatiam of 1°25 D, 











the irregular development of the cranium and the deformity of the 
eye. But even the lower degrees of astigmatism are often accompanied 
by asymmetry of the cranium, which is probably its primary cause.* 

* Snellen in Van Hnafien, Het Bepalen van Astigmatinne (Thesis at Utrecht, 1810), 

* De Worker, Comptés rendus de la Soeidté d' Anthropologie we Paris, 1868. 

‘Landolt, * Relations between the Conformation of the Cranium and that of the Ky«” 
(Boitiah Modioat Journal, Apeil 1881), 
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of LO D with its axis placed horizontally. Little by little the curvature 
changed, but, two years later, an astigmatiam of 4 D still remained. 

The correction of the regular astigmatism which follows the 
rascals of cataract often markedly increases visual acuteness and 
is seldom to be disregarded. Investigations have been made with 
the purpose of ascertaining which of the operative methods is least 
likely to produce astigmatism. We have followed nearly all the 
courses of operative procedure that could reasonably be attempted, in 
cataract operations, and have obtained cures, with and without notice- 
able astigmatism, by each of them. At all events, a certain mode of 
operating being otherwise indicated, the prospect of producing more or 
Jess astigmatism should never indnce us to abandon it for another. 
The astigmatism consequent upon a well-performed operation, being 
regular, is easily corrected. 

The crystalline very often partakes of the astigmatism, sometimes 
ina passive, at other times in an active way. The former case is met 
with when the globe of the eye, or at least the anterior portion of it, 
is, as it were, flattened in one meridian. Then the crystalline, com- 
pressed, so to say, in « corresponding meridian, approaches the likewise 
compressed form of the cornea and the static crystalline astigmatism 
adds iteclf directly to that of the cornea, Sometimes the principal 
meridians of the astigmatic erystalline do not have the same direction 
as those of the cornea; at other times they are parallel but in such a 
way that the maximum curvature of the crystalline corresponds to 
the minimum curvature of the cornea, and the least convex meridian 
of the lens has the same direction as the most convex one of the 
cornea, ‘Thus it is that crystalline astigmatism may partially or 
wholly compensate that of the cornea, indeed even exceed it, 

Basing the conclusion upon numerous measurements and caleula- 
tions, Donders formulated this important observation as long agoas in 
1864, saying that, with a high degree of asymmetry of the cornea, there 
exists also an asymmetry of the crystalline, which acts in such a 
direction, that the total astigmatism of the eye is nearly always less 
than that of the cornea.* This astigmatism of the crystalline, the 
inverse of that of the cornea, is ofteneat what might be termed active, 
or dynamic, astigmatiam. It is due to an unequal contmetion of the 
ciliary muscle, which causes the lens to become more convex in one 
direction than in another and for the very purpose of correcting a 
corneal astigmatism, It was Dobrowolsky who discovered this fact 
and brought Aumecrous proofs: to its support,? 

* Donders, for eins p. 492, 
* Dobrowolsky, “*Ucber versohiedene Verknderungen des Astigmatiamus unter dem 
‘Kleflusse der Accommodation’ (Arch, fiir Ophth,, xix., iii., p. 51, 1868). 
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of the crystalline. Without our needing to have recourse to the 
mydriatic, latent astigmatism reveala itself in the ophthalmoscopic 
examination, inasmuch as the spasm of the ciliary muscle ceases 
during such examination. 

We have said, above, that a difference of refraction in two mutually 

meridians ia produced when the eye looks obliquely 
through a epherical lena or, in other words, when the axis of the lens 
does not ecincide with the axis of the eye—when it is not centred, 
relatively to the latter. Tt was also said (p. 119) that the centering of 
the dioptric apparatus of the eye is not, at times, as exact as could be 
desired. This irregularity, which may be disregarded in most cases, 
may, in others, attain a sufficiently high degree to produce a manifest 
astigmatism. Thus Donders found, in his own eye, a regular astig- 
matisin attributable to a slight inelination of the crystalline and a 
similar one in the case of a young man twenty years of age.* 

Cases of congenital ectopia or partial luxation of the crystalline, 
followed by astigmatiam, have often been observed, 

Having given the fact that the crystalline participates in the pro- 
duction of astigmatism, it is evident that the latter is susceptible of 
change with age, under the influence of the modifications which the 
crystalline Since the static refraction of the lens diminishes 
in consequence of the equalisation of the indices of refraction of ita 
different layers, its static astigmatism must also diminish. But it is 
the dynamic astigmatism that especially varies with the diminution 
of the accommodative power. Thus it is that the astigmatism of the 
eye may increase with age, in proportion as the crystalline becomes 
incapable of correcting it. In those cases, on the contrary, in which 
the astigmatism is produced or over-corrected by unequal contractions 
of this musele, it is seen to diminish as the accommodation becomes 
weaker. 


Recv~aR AsTIcMATIEM IN ITs RetatioNs TO THE GENERAL 
Rerraction or THE Eys. 


astigmatism has its seat exclusively in the optic apparatus 
of the eye. It is measured solely by the difference in refraction 
between the two principal meridians, It has nothing to do with the 
length of the eye. Wherever the retina may be, the degree of astig- 
matism is always the same. Thus, in an astigmatiam of 4 D, tho 
refraction in one of the meridians is always four dioptries stronger 
than in the meridian which is perpendicular to it. A coneave cylinder 


& Donders, foe. cit, p. 532, 
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If either of the principal meridians is adapted to a /uminous point, 
the latter forms upon the retina a line of diffusion, or focal Jing, which 
is perpendicular to the adapted meridian ond parallel with the non- 

one. 

Ifthe focus of one of the intermediate meridians falla upon the 
retina, the image of the point is an ellipse, or a cirele, of diffusion. 

A line appears distinct to an astigmatic person when it is parallel 
with the meridian which is not adapted to its distance, because, in this 
case, the elongated images of diffusion, of all the points composing the 
line, coincide with the image of the line itself, 

On the contrary, the line is seen indistinetly when it bas the same 
direction as the meridian which is adapted to ita distance. Tho diffu- 
sion-images of its different points are perpendicular to the line itself 
and make it appear broadened and diffuse. 


Sunsectivk DergRMGNATION oF ReCULAR ASTIGMATISM. 


The presence of astigmatism is generally already revealed during 
the determination of refraction, especially if this is made simul- 
taneously with the examination of the visual acuteness (see p. 220). 

‘The astigmatic person having reached the limit of his acuteness of 
vision, or even before this, commits errors into which an eye with 
regular surfaces would never lead its possessor. He mistakes, for each 
other, letters that, for the normal eye, do not seem even similar, Among 
the teat-types of the same series he easily distinguishes some, and does 
not succeed at all in recognising others; while he reads, again, much 
smaller letters in another series. This peculiarity is sometimes so 
pronounced that it might lead one to suspect simulation, if it were not 
explicable by the irregular refraction of the eye. 

A little reflection teaches, in fact, that an astigmatic eye, which 
receives from each point of a letter a line of diffusion, obtains from 
such letters an impression differing from that received from them by 
an eye that sees them distinctly or as circles of diffusion, Thus it is 
that an O may resemble a Z, if the vertical meridian is not adapted, 
‘and the upper and lower linc in the O are broadened by diffusion- 
images. If, on the contrary, this diffusion is produced in the hori- 
zontal direction, the broadening of the lateral, vertical lines of the O 
may make this letter appear like an H. 

Moreover, it is conceivable that a large letter may be less easily 
recognised than a small one,if the peculiar direction of the lines of 
@iffusion is less favourable to the distinguishing of the shape of the 
Jotter in the first oase than in the second, 
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Acoonling to what we have said above, this glass, for the very reason 
that it increases vision to the maximum, must correct one or the other 
of the principal meridians, by bringing one or the other of the focal 
lines upon the retina, It only remains now for us to correct the 
ametropia of the other meridian—reduce to a point the focal line that 
corresponds to it—and the eye is wholly corrected and emmetropic. 

Tn order to exert an influence upon a special meridian, it is evident 
that a glass which refracts in one special plane is required. This is 
the case with cylindrical glasses, Since it presents a curvature only 
in the section perpendicular to, and not in the one that is parallel 
with, the axis, such a glass exerts its | principal influence upon the 
meridian that is perpendicular to its axis. 

Hence we add, to the spherical glass, a cylinder whose enrvatare i is 
Parallel with the already corrected meridian and perpendicular to the 
uncorrected one. To thie end the direction of the principal meridians 
must be known. This we ascertain by presenting to the eye, at the 
same distance with the test-Lypes,a figure composed of black radiating - 
lines on a white ground. These lines must be exactly alike, and it is 
best to have them equidistant (Javal, Green, Snellen). 

Each line should bear a number indicating its inclination to the 
vertical or to some other direction previously agreed upon. I prefer 
the division that has the vertical for its starting-paint. This vertical, 
then, is numbered 0°, and the lines to the right and left bear corre- 
sponding numbers up to 90°, which is horizontal (Snellen). 

Thus we do not need the division below the horizontal, for, when 
a line gets below it, its inclination to the vertical is marked on the 
other side of the vertical—90° + 10° = 100° to 
the right of the vertical (Fig. A), corresponds ,.. wl, 
to 90°—10° = 80° to the left of the vertical 
(Fig. B). Ym A Fro. B 

Javal makes the division begin at the left end of the horizontal 
meridian, and carries it to the right end, the latter necessarily corre- 
sponding to 180°, and 90° being at the summit of the graduated semi- 
circle, 


The patient is asked which line he sos best and which one 
appears to him least distinct and least black, ‘The former is parallel 
with the meridian that is not properly adapted and the latter to the 
meridian that is rendered emmetropic, 

Let us suppose the spherical glass, that gives the greatest visual 
Acuteness, to be the concave 3 D, and that, with this glass, the vertical 
lines are those that the patient sees best. We know from this that 
the horizontal meridian is corrected by the concave 3, that it is 
myopic by three dioptries, while the vertical meridian is not corrected. 
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vertical, as with the spherical —3, and the cylinder + 2, axix 
horizontal. ‘The optical effect is the same in both cases, but the 
first combination is more natural than the second. 

We should never content ourselves with simply seeking the cylinder 
that makes all the lines appear equally distinct, We watch with the 
greatest care the influence of this glass upon the acuteness of vision, 
The opinion of patients as to the greater or less distinctness of the 
different lines is generally too uncertain for us to trust to it absolutely. 
Hence we have the patient look also at the test-letters which we place 
by the side of the card upon which are the radiating lines. If the 
cylinder really corrects the astigmatism, the visual acuteness mush 
be better with it than with the spherical lens alone. 

This increase in visual power is often considerable, even when 
due to wenk cylinders, It ought to be especially so when high 
degrees of astigmatism have been corrected. 

We consider the examination of astigmutiam by means of mdiatinyg 
lines only as a preliminary means of determination, employed with 
the purpose of ascertaining the direction of the principal moridinns, 
The perfect and final correction is only obtained after checking the 
former observation with the nid of the visual aeuteness, 

‘Thus, having found the spherical and cylindric glasses that equalise 
the refraction in all the meridians of the eye, in this sense, that the 
eye no longer sees any difference between the several lines, we 
introduce these glasses into the grooves of a trial-frame. The part 
into which the cylinder fits turns in the plane of the glass by means 
of « rack and pinion and an endless screw. We give to the cylinder 
the inclination found, from the lines, to be desirable, meantime asking 
the patient to try if, by slight rotations of the head of the screw, he 
can find a position of the cylinder that is still more favourable, This 
being regulated and verified by examination of the visual acuteness, 
we place, in front of this combination of glasses, weak spherical 
Tenses, to see if the correction cannot be still more improved. 

It very often happens, especially in the case of young people, that 
throughout the duration of the search for the astigmatism, there has 
been a spasm of the accommodation, which relaxes more or less after 
the correction of the astigmatism. The patient sees as well, if not 
better, with weaker concave or stronger convex glasses, The pre- 
ceding examination has not, on that account, been in vain, The 
astigmatism remains the same, only we choose weaker correcting 
glasses. Suppose that, in our first example, the patient does not 
experience any change in his visual scuteness when we add the 
convex spherical number 0°5 D to the glasses that appeared to correct 
his total ametropia. We know from this that the combination was 
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determining the principal meridians. We have already had occasion 
to speak of the principle involved, when discussing Thomson's second 
optometer. It consists of two luminous points, one of which revolves 
around the other, Purves obtains them by moans of a sereen placed 
in front of a lamp. On the screen is applied a dise which turns 
about a small round opening a3 a centre. There is a similar opening 
near the periphery of the dise. When the latter is turned, the 
opening moves over a semicircle cut in the screen. In this way the 
opening is always illuminated through an are of 180°, and the rest 
of the semicircular opening in the screen is covered by the disc. The 
two openings appear to the normal eye, looking at them from a 
certain distance, as two luminous points. The astigmatic eye sees 
them as two luminous lines, When they have been so placed, that 
‘each line is the prolongation of the other, they indicate the direction 
‘of one of the principal meridians. The other is perpendicular to this, 
and would correspond to the parallel direction of the two lines of 
diffusion, 

Some ophthalmologists have sought to determine astigmatism 
directly by means of any weak cylindrical glass, It is rotated in front 
of the eye, which is previously provided with the spherical glass that 
gives the greatest visual acuteness for distance, 

Manthner' still accords the preference to this method. He nses 
@ concaye or convex cylinder of about 1D. This cylinder diminishes 
the vision of a normal eye, or of one rendered so by its correcting 
glass, whatever be the diroction in which it is placed in front of this 
eye. If there be astigmatism, however, tho influence of the cylinder 
is not the same in all meridians, 

Let us suppose the two principal meridians to be vertical and 
horizontal, that both are myopic, but the vertical more so than the 
horizontal, and that the myopia of the latter is corrected by a spherical 
glass. On rotating a concave cylinder in front of this glass, the visual 
ncuteness will increase in proportion as the axis of the eylinder 
approaches the horizontal, because it corrects a portion of the excessive 
refraction of the vertical meridian. If we place the cylinder vertically, 
vision will be diminished, for, in this case, there is over-correction of 
the horizontal meridian or, at most, vision would remain the same, if 
the accommodation neutralises the effect of the cylindrical glass. We 
therefore place cylinders, of successively increasing strength, with 
horizontal axes, in front of the eye, until we obtain the maximum 
acuteness of vision, 

Tt may also happen that the cylinder, thus chosen at hazard, 
diminishes vision whatever its inclination, but more so in one than in 

4 Mauthner, Die optischen Fehler des Auges, p. 730 et sey. 


ae 





OWECTIVE DETERMINATION OF REGULAR ASTIGMATISM, 313 


We first look for the weakest concave or strongest convex spherical 
ginss, that makes the lines, corresponding to one of the meridians, 
distinct. ‘Then we determine the glass that clears up the lincs 
perpendicular to the former,—tc., which corrects the other meridian, 
Suppose we have found the convex spherical 1 D for the vertical lines, 
and the concave spherical 2D for the horizontal ones. We know that 
the eye examined is byperopic by one dioptry in the horizontal, and 
myopic by two dioptries in the vertical meridian. Its astigmatism 
amounts to 1 +23, and may be corrected by convex cylinder of 
1D, axis vertical, combined with a concave cylinder of 2 D, with its 
axis horizontal. 

Tt is in accordance with this principle that astigmatism is deter- 
mined with most of the optometers which, in determining refraction 
make use of the acuteness of vision. They generally contain a stel- 
late figure and, having no cylindrical glasses, they give the astigmatiam 
by the successive determination of refraction in the principal meri- 
dians, by means of the lines that correspond to them. 

This inethod may give good results, especially if we take care to 
check the final correction by the acutanees of vision obtained by the 
eye with the combined, spherical and cylindrical, glass. But we still 
prefer the first process of determination, inasmuch as, in examining 
the two principal meridians separately, the risk is run that the eye 
may make different accommodative efforts in the two examinations. 
In this case—which is not, however, the rale—the degree of astig- 
matism found is necessarily Jess than the real degree. 

We have mentioned, when discussing them (p. 250), how 
optometers, not based upon the visual acuteness, may serve for the 
determination of astigmatism. 

An optometer designed specially for the examination of astig- 
matism, and which serves the purpose yery well, is Javal’s sterco- 
scope-optometer, described in the Annales d'Oculistique (vol. lili, p, 68, 
1865), and in De Wecker et Landolt’s Traité complet @ophthalmo- 
dogie, vol. i, p. 689. 





Onsective DererMixation oF Recvnar AsticMatiss, 


‘The objective determination of astigmatism, like thatof the refrac- 
tion im general, is best accomplished with the ophthalmoscope, It is 
only in cases of aphakia that the direct measurement of the curvature 
of the sole refracting surface may be preferable. t 

When the refraction differs in two meridians of the eye, this 
it must influence the retinal images, as we have seen, and 
likewise the ophthalmoscopic images, as we shall see farther on. 
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zontally. If we have just been examining it in the erect image, in 
which case it appeared like an oval with vertical major axis, this 
change of aspect cannot fail to strike us. The comparison of the 
forms of the papilla, when examined directly and indirectly, con- 
stitutes, indeed, one of the most important diagnostic signs of astig- 
matism (Schweigger). If the papilla had a constant form—circular, 
for instance—examination according to one of these methods would 
suffice for the recognition of astigmatism; but since its shape varies 
in reality, it is well to make the comparative examination. A papilla 
that is really oval in shape, and whose major axis is vertical, will 
appear still longer in the erect image when the vertical meridian ix 
the most refractive. If examined by the indirect method, it will 
appear, at all events, less elongated, perhaps circular or even longer 
in its horizontal diameter. 

The size of the inverted image of an astigmatic eye varies, moro- 

over, unequally in different diameters, according as the convex lens 
is withdrawn from, or carried toward, the eye (Javal). When this 
lens is placed very close to an eye whose vertical meridian is the 
most refmetive, the papilla, circular in reality, appears like a 
horizontal oval, On withdrawing the lens gradually, the form of 
the papilla approaches more and more that of a circle and becomes 
quite round when the distance between the lens and the first principal 
point of the eye (1°75 millimetre behind the cornea) is equal to the 
focal distance of the former. If the lens is farther withdrawn, the 
papilla takes on the form of a vertical oval which becomes more and 
more elongated. 
The image of the fundus oculi ix formed at different distances, 
according to the refraction of the meridian to which it is due. It is 
formed nearer to, or farther from, the eye under examination, accord- 
ing as it corresponds respectively to a more or Less refractive meridian. 
Tn our example, the horizontal outlines of the optic papilla, as 
well as the horizontal vessels, will form images nearer to, and the 
vertical vessels and outlines farther from, the eye. If one of the 
meridians is myopic and the other emmetropic or hyperopic, the image 
due to the former is real, inverted and situated in front of the eye, 
while that of the latter is virtual, erect and situated behind the 
eye (Cooper). 

Finally, we have yet to consider the symptoms of astigmatism 
afforded by examination of the retinal reflex, by koroacopy. 

‘The presence of astigmatism is revealed, in pupilloseopy, by the 
fact that the phenomena of {llumination are not the same in all 
ueridians of the eye. On rotating the mirror about its own axis in 
front of a non-astigmatic eye, the pupillary lustre always moves 
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from the mirror; if, in short, it moves in just the sume direction as 
the latter, the meridian examined is myopic (Charnley). 

Tt is easy to imagine how the phenomenon will present itself in 
myopic astigmatism, whether simple or compound, as well as in mixed 


Here, again, the phenomena, as we have outlined them, are those 
for a concave mirror held at a distance greater than that of its focus, 
With the plane mirror, the ocular lnatre moves in the opposite direction. 

All these symptoms have their value for showing the presence of 

and they are so easily produced that one does well to 
have recourse to all of them when in doubt as to whether there be 
astigmatism or not. In this way one may succeed even in ascertaining 
the direction of the principal meridians. 


Ophthalmoscopic determination of the degree of Astigmatism.—This 
we accomplish again most easily by seeking the spherical glasses 
that correct, successively, the two meridians. 

Let us take an example; without knowing whether or not an eye 
is astigmatic, wo wish to ascertain its refructive condition. With the 
opbthalmoseopie mirror we illuminate the eye. While yet at some 
little distance from the eye, we distinguish, in the red of its fundus, a 
few details, as retinal vessels ora portion of the papilla. These objects 
seeming to move in the same direction os our head, if we move the 
latter slightly, we know that we see them in the erect image; which 
is confirmed by the fact that they grow more and more distinct as we 
approach nearer to the eye under examination. Being ourselves 
either naturally emmetropic, or made so by the correction of our 
ametropia, we conclude that the examined eye is either emmetropic 
or hyperopic. In order to assure ourselves of this, we cause to pass 
in front of our own eye stronger and stronger convex lenses in the 
ophthalmoscope. With several of them we sce as well as without a 
glass. There are, however, always certain portions of the fandus that 
are not so distinct as others, 

By paying close attention, we notice that neither the lateral margins 
of the papilla nor the vertical vessels are ever clearly defined when 
we gee the horizontal vessels and borders of the papilla distinctly, 
Hence we know that we have here a case of hyperopic astigmatism 
and that the principal meridians are vertical and horizontal. Tn 
order to be more sure of this, we might still resort to the inverted 
image, 

Woe have, therefore, to determine the refraction in two meridians 
of the eye. Tet us commence with the vertical. In our example we 
seek the strongest convex glass with which we see most distinctly the 
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this stellate figure is depicted upon the fundus of the examined oye 
as well a3 the flame in front of which it is situated. If the eye 
reflects light normally, all radii of the star appear equally distinct at 
the fundus oculi. Tf the eye be astigmatic, some of them will be more 
distinct than others, and the meridian that is best adapted to the rays 
reflected by the ophthalmoscopic mirror is parallel with the most 
diffuee lina. The cylinder which, placed in front of the examined eye, 
equalises the clearness of all these lines, evidently expresses the 
degree of the astigmatism. Sometimes it will be necessary to add a 
spherical glass to it, in order to obtain the maximum clearness of the 


‘This combination of the spherical with the cylindrical glass would 
give the correction of the total ametropia, but only in case the rays 
reflected by the mirror are parallel. To procure this state of things, 
the stellate figure must be placed at the focus of the.concave mirror. 

The latter has, however, one disadvantage when used in this way ; 
iit be inclined ever so little, its action is greater in one direction than 
in another, just as in the case of a Jens through which one looks 
obliquely. Under such conditions it produces, itself, phenomena similar 
to those of astigmatism and may thus lead the observer astray. 

In other respects the method does not, moreover, seem to us to be 
very practical for the determination of the degree of astigmatism, 
But it may very well serve for the demonstration or dingnosis of this 
form of ametropia, 

Goccius employs, for this purpose, simply a pencil, which he inter 
poses in different directions between the flame and the mirror. 
Regular astigmatism is present when the shadow of the pencil at the 
fundus of the examined eye ia not equally well-defined in all direc- 
tions and the greatest differences in clearness indicate the directions 
of the principal meridians, 

For determining refraction successively in the two principal meri- 
diana, a combination of Stokes’ lens and the ophthalmoscopic mirror 
might be employed, as has been suggested by L. Purves. Stokes" lena* 
is composed of two cylinders of equal power—one concave and the 
other convex. They turn on each other in opposite directions, and, 
according as they more or less neutralise each other, produce a cylinder 
whose strength varies from zero to the sum of the two primitive 
cylinders, 

Finally, we have seen (p, 274) that observation of the ocular lustre 
from a distance (koroscopy) may also furnish symptoms from which 
astigmatism may be diagnosed. 

In order to determine the degree of astigmatism by koroscopy, one 

4 De Weckor et Landolt, Trait complet d' ophthalmologic, vol. i... 688, 
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eye; and these reflexes are, consequently, attenuated when they 
reach us. 

‘Thus the reflex from the anterior face of the erystalline (Figs, 63 
and 65) is much less intense than the one from the cornea, because 
the light which produces it bas passed twice through the cornea and 
aqueous humor. That from the posterior surface of the 
is so weakened by the media in front of it that, in order to employ it 
advantageously, solar or electric light must be used, 

Moreover, these crystalline reflexes having once been obtained 
and measured, wo cannot compare them simply with the object 
furnishing them, and thus draw direct conclusions as to the curvature 
of the surface, ax is the case with the cornea, We must take into 
account the dioptric action exerted upon these images by the media 
which separate them from our eye. The first is magnified by the 
meniscus formed by the cornea and the aqueons humor; the second 
is subject to the influence of this meniscus and to that of the crystal- 
line itself, through which we look at it. But, before becoming 
acquainted with their optical action, we must know their form, their 
dimensions and their indices of refraction. With the assistance of 
these data, we shall have to compute the actual size of the reflected 
image, which only then can be compared with ita object, and thus 
serve in obtaining a knowledge of the surface in question." 

Tt will be seen, from this, with what complications one meets in 
the determination of the curvature of the crystalline and we may 
readily understand why so many observers have measured the cornea, 
and so few the crystalline. 

Finally, in order to have exhausted all the possible etiology of 

ism, it would still be necessary to determine the position of 
the crystalline, to see if it were well centred, or if, on account of its 
inclination to the axis of the cye, it did not exert a stronger optical 
action in one direction than in another, This determination would 
be no less complicated than that of the curvature of the crystalline, 

We see that, as soon as we wish to go beyond the cornea, the 
determination of astigmatism, by direct measurement of the different 
parts of the dioptric apparatus, meets with difficulties that are incom- 
patible with the necessities of ordinary practice. 

Tt might be thought that, knowing, on the one hand, the astigma- 
tism of the cornea, and, on the other hand, the total astigmatism, ag 
found by one of the subjective methods or by the opthalmoscope, 
that of the crystalline could be obtained by subtracting the former 
from the latter. But it is easy to understand why such is not the 


1 De Wecker ot Landolt, lor. eit, vol. by yp 756-761. 
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means of one of the above-mentioned subjective methods, the nccom- 
modation is to be paralysed by instilling atropine or some other 
mydriatic, and the astigmatism again determined, In this way may 
be manifested in an eye an astigmatism that did not previously seem 
to exist, or a pre-existent astigmatism may be increased or diminished, 
or the principal meridians may change direction. All these modifi- 
cations in the refmetion of the eye are evidently ascribable to the 
change in form, ie, to the dynamic astigmatism of the crystalline. 
‘Here again, therefore, we accomplish what we desire only by subjective 
anethods, 


TL—IRREGULAR ASTIGMATISM. 


Tn the normal eye, refraction is the same in every meridian. 
Through whatever meridian the rays pass, they are focused at the 
same point, 

Tn regular astigmatism, refraction is still regular in certain plancs 
passed through the axis. But the foci of these planes do not corre~ 
spond. They are situated on a focal line which coincides with the 
exis of the eye. However unfavourable may be the influence of this 
optical defect upon the distinctness of retinal images, we have seen 
that it is corrigible, for the very reason that refraction is normally 
produced, at least in the two principal meridians, and that we possess 
optical means, in cylindric glasses, of producing refraction solely in 
any one desired direction. 

There exists a more serious optic imperfection, irregular astig- 
matiem. In this case refraction no longer presents any uniformity, 
It evon varies oftencet in different parta of ono and the same meridian, 
and may attain such an irregularity as to elude all analysis, If it is 
dificult, if not impossible, to foresee the form, or mther the deformity 
of retinal images produced by such a system, we can casily conceive, 
‘at least, that they can be neither distinct nor regular. ‘The image of a 
point may present any imaginable alteration. It may appear as a 
shapeless and ill-defined spot; it may be stellate or, indeed, even 
multiple. 

Any surfuce and any medium of the dioptric apparatus of the eye 
may become the cause of irregular astigmatism by irregularity of 
curvature, inequality of its index of refraction, lack of transparence in 
¢ertain parts, imperfection of centering or of reciprocal arrangement. 
‘This last defect was mentioned (p. 119) at the end of the discussion of 
the dioptric apparatus of the eye. 

‘The reader will remember that, in all calculations and opticul 
deductions, we have always confined ourselves to the limited territory 
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prevents perception of the precise moment at which two bodies enter 
into contact. This polyopia is due to the irregular astigmatism of 
the eye. It becomes especially marked when the eye is not adapted 
to the distance of the two approaching bodies, as, for instance, when 
it is fixing an object beyond them. 

‘The proof that in this case as well as in that of the radii from the 
stars, we are dealing with a cause inherent in the eye, is that we can 
prevent the polyopia and deprive the stars of their radii, by placing 
in front of the eye a diaphragm in which is a small pin-hole. This 
minute opening marks off a portion of the dioptric apparatus, 80 
restricted that its refractive defects are inappreciable and the luminous 
rays passing through it are focused without too much dispersion or 
aberration, 


There are but few cases known of men who are entirely exempt 
from this defect and who see the stars without radii. The rest of 
humanity cannot boast of such perfection ; therefore we act the wise 
part by speaking little of it, considering a low degree of irregular 
astigmatism as included in the normal. We become alarmed about 
it ouly when it reaches a sufficiently high degree to make visual 
acuteness fall below the average that we call normal. Despite this 
restriction, jrregular astigmatixm is far from being rare. 

‘The cornea is very often the seat of this trouble. What we call 
conical cornea, whether congenital or acquired, does not consist solely 
in the projection of the central portion of this membrane, whose form 
then corresponds to that of a surface of revolution, but it is nearly 
always accompanied by a much more irregular deformity. We have 
the direct proof of this in the reflexes furnished by such a surface. 
Tf we place the patient opposite a window, whose image we observe 
upon the cornea, we sce that this image, almost always very unlike 
the object, changes shape with each variation in the direction of 
the eye. 

The same thing ocenrs for all irregularities in the form of the 
cornea, and we know how manifold they are. Each ulcer of this mem- 
brane, however superficial it may be, may leave a cicatrix that alters, 
not alone its transparence, but especially the regularity of its form, 
Light may enter the eye in floods, but, if its rays are not united in a 
foens, vision is not distinct. ‘This ix the reason why a scarcely per- 
ceptible opacity of the cornea sometimes interferes considerably with 
sight, much more so than the almost total occlusion of the pupil, pro- 
vided the part remaining uncovered corresponds to a portion of the 

whose surfaces have a regular curvature, 

Thus is to be explained also a fact that often enough disagreeably 
surprises the young oculist in his first operative ventures. 1 refer to 
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impossible to differentinte in early life, become more and more distinct 
at anadvanced age. By oblique illumination, their junctions, forming 
a sort of star in the pupillary field, may be easily seen. 

This differentiation may become so pronounced as to be seen 
directly, without the observer needing to have recourse to concentra- 
tion of light. It is not necessary, for this, that the crystalline shall 
have lost its transparence. If, nevertheless, the different parts are 
distinguishable from each other, they must certainly refract light 
differently, This is what gives rise to the moat varied phenomena of 
irregular astigmatism. For some persons the stars seem to take on 
radii that they did not previously possess; others discover satellites 
about stars that they have always before seen isolated. Very often 
the moon, especially when crescentic, seems roultiple. The same 
thing occurs for every very luminous object, notably in the case of 
street lamps, whose flames radiate in an unusual way and multiply. 
These phenomena become especially marked when a cataract com- 
mences to form and they increase when the pupillary field is extended 
by the use of atropine. They cease after the successful extraction, 
but make way generally for regular astigmatism, which resulte from 
the change in the form of the cornea that is oceasioned by the wound 
left by the incision. This has been spoken of above. 


Derenaaxarion oF TrreGviar AsricMarisM. 


Irregular astigmatism reveals itself first by subjective symptoms, 
which we have already mentioned : weakness of the visual neuteness, 
monocular diplopia and polyopia and apparent deformity of objects 
looked at. 

These phenomena manifest themselves objectively, sometimes by 
the indistinct aspect of the fundus oculi, observed with the ophthalmo- 
scope, but especially by the deformity of the details of this fundus, 
which appear sometimes elongated, sometimes compressed, partially 
effaced, or stretched in the most whimsical way. This aspect changes, 
moreover, according to the direction in which the eye is examined, é<., 
aeconling to the part of the dioptric apparatus that furnishes the 
ophthalmoscopic image. 

‘The anomaly, in the form of the cornea, which produces irregular 
astigmatism, can ab times be dirsctly recognised with the naked eye, 
when viewed in profile, as in karatoconus. But it ie especially the 
eatoptric phenomena that furnish us information concerning the form 
of this refractive surface; they evidently correspond to the dioptric 
phenomena, 
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from that of its object, when irregular astigmatism exists. Tt may 
become so changed as to absolutely prevent its being recognised. 

We have always used this method, for purposes of demonstration, 
in our clinical lectures. It has, however, become still more demon~ 
strative for regular, and specially for irregular, astigmatism, owing to 
an application, of the principle, made by Placido.* 

‘This author uses, ax a “ eratoseope," «disc of card-board, wood or 
zinc, 23 centimetres in diameter, On one side is drawn a series of 
concentric circles, alternately black and white, In the centre of the 
dise is a circular opening, 1 centimetre in diameter. The other 
side is all painted black and provided at the centre with a small 
perpendicular tube, 3 centimetres long. 

‘The instrument is held and managed by a handle. ‘The patient's 
eye and that of the observer should be at the same height, In order 
to observe the region of the visual line, the person examined is made 
to fix the centre of the instrument, the observer taking care meantime 
to direct his own eye in the axis of the tube, 

The examined eye being in the shadow, and the dise well lighted 
up, the observer sees at a glance the images of as many circles as the 
dise contains black and white zones, The aspect is quite striking, 


eS 


Foo. 116. 


and demonstrates, so to say, the form of the cornea in different regions. 
‘Thus, Fig, 114 gives the aspect of a regularly constituted cornea, 
Fig, 115 that of a regular corneal astigmatism. 


© 


Pio, 117. 


In Figs, 116 and 117 @ and a correspond to the summits of two 
conical cornew, } and b to eccentric portions of the same cornew.* 

¥ Placiddo, Nowret instrument pour la recherche rupiite les irréyuturitde de courbure de 
tix cornde : Tastigmatovcope exploratvire (Period. dé oftatm, protica, wecond year, Nos. 5 
sand 6, 1830). 

* Hirschberg, Centrulblatt f, Augenkeitk., p. 69, 1882. 
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CHAPTER Y. 
CLINICAL PORTION. 
T—ANOMALIES OF REFRACTION. 


Tr is perfectly logical, correct and practical to classify the different 
refractive conditions of the eye as Ayperopia, emmetropia and myopia. 
In this classification emmetropia represents the average normal re- 
fraction ; ametropia, the refraction which deviates from this standard 
—hyperopia remaining below and myopia surpassing it, 

But, from a clinical point of view, it would be wrong to consider em- 
metropia as the only physiological condition of the eye, having a patho- 
logical type on either side—hyperopia on one aud myopia on the other, 

We are not to suppose that, whenever an eye does not have its 
Principal focus on the retina, it ought to cause anxiety and demand 
optical correction or even medical care. We have already seen that, 
for the requirements of practice, the limits of emmetropia have been 
notably extended. While in holding strictly to the physical defini- 
tion, only such eyes as were adapted to parallel rays would be 
entitled te be called emmetropic, we admit in this group all those 
which, without accommodation and without a correcting-glass, see 
diatinctly at a distance of 5 metres, Inasmuch os we make our 
optometric examinations at a distance of 5 metres, it follows that 
our emmetropia is, in reality, a myopia of 0°2 of a dioptry. Since, 
moreover, the convex and concave number 0/25 represent our wenkest 
test-glasees, it follows that we give to emmetropia a latitude of more 
than 025 D.* If we do not use these very weak glasses, and are 
content with half dioptries, our emmetropia oscillates even betwoon 
the limits of nearly one dioptry. 

If we have thus extended the definition of emmetropia, we shall 

* Tf the examination of refraction is made at » distance of 6 metres, myopia amount- 
Ing to a* mach as 0°37 D is wtill regarded as emmetropia, whereas myopes of 008 1) aru 
already considered as hyperopes, Indeed, only when, in the first oso, myopia exeeods 
0-37 D, will the person see bettor with the conesve 0°26 1, for, with thin glans, tho cirvles 
of differion formed on the retina become smaller thon those produced by the naked eye. 
On the other hand, at soon as the refraction falls below # myopia of 0-08 D, vislon will ba 
improved by convex 0°26, that is to say, the circles of diffusion become amaller than 
without & glam, 
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combat ; it is a real disease of the organ, of which diseaze the peculiar 
refractive condition is but a symptom. 

In general, then, it is understood, and it is a point we insist upon, 
in opposition to a tendency to polytherapy which we have often 
remarked, that a certain degree of hyperopia or myopia doea not of 
iteelf render an eye pathological. 

After this slight degree of ametropia, we distinguish the medinm 
degree, about two to four dioptries for hyperopia and three to six 
dioptries for myopia. 

Here the conditions are already very different ; the ametropia, in 
itself, nearly always calls for optical correction, Nevertheless, the eye, 
properly so-called, may still be normal, Its acnteness of vision may 
reach the average. The accommodation is still the same as that of 
the emmetrope. However, the differences in the form and dimen- 
sions of the globe commence to manifest themselves, the hyperopic eye 
being visibly smaller and the myopic eye larger than the typical 
emmetropic eye. These differences find expression, among others, in 
the field of fixation, which shows greater excursions for the former 
than for the latter. 

But the peculiar characteristic of these medium degrees of ame- 
tropia is the fnet that, although each eye alone may still work nor- 
mally, the co-operation of the two is found to be more or less hindered, 
‘The very fact that the vision of each is still good enough, inspires in 
the individual the legitimate desire to use them simultaneously. But, 
in order to fuse the distinct impressions of each eye in single, bino- 
cular, stereoscopic vision, the degree of convergence required by the 
position of the object must be made to agree with the degree of accom- 
modation which corresponds to the ametropia. 

Now we have seen (p. 195 ef seg.) that these two functions are so 
intimately associated that they can be dissociated only within certain 
limits. Although simultaneously fixing the same object, the eyes can 
‘exert or relax their accommodation several dioptries, or, what amounts 
to the same thing, they can change their degree of convergence several 
metre-angles without varying their accommodation. The space within 
which these relative variations of the two functions move, does not, 
however, exceed certain limits It seems to have been arranged, by 
Nature, with special reference to the irregularities, which she cannot 
avoid, in the relations between the length and the refractive power of 
the eye. The relative range of accommodation usually oscillates, 
indeed, between the limits that we have assigned to the refraction of 
healthy, though slightly ametropic, eyes. 

+ Denders, toe. it, pp. 170 and 245, Landolt, Transactions of the International 
Melioat Congress (Landon, 188), vl. iiiy p. 255, and Arch. Cophithal, i, p. 689 (1880-81). 
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Tf, in the first category of ametropia, on¢ should guard against a 
too zealous intervention, with regard to medicaments as well aa 
glasses, in the second an acquaintance with ocular physiology and 
attentive observation achieve their grentest victories. The last class 
constitutes a vast field open for optical correction, as well as for thera 
peutic action, especially in malignant myopia. 

The general considerations, that have just been occupying our 
attention, refer to the majority of cases of amotropia, and we think 
it useful, for practice, to arrange the matter of which we are treating, 
and which is so difficult to manage, in conformity with the teachings 
of experience. We shall proceed in the same way in the chapters 
that aro to follow. The normal type being once characterised 
and the cases which belong to it being once arranged and studied, 
the atypic forms, which still constitute a very respectable minority, 
will be easier to explain and better understood. 

It seems advisable to state, at this point, that, however intimate 
the relationship between the doctrine of ocular refraction ond 
physics, we must be careful not to consider the former from a too 
mathematical point of view. Althongh we may establish rules, ex- 
ceptions to them are numerous, and the figures cannot, often, lay claim 
to greater authority than those of physiology in general. We shall 
always succeed just so much better in adapting eyes to what they 
are destined to accomplish, in proportion as we associate more closely 
perfect knowledge of theory with the most caroful clinical observation, 

Let us now consider somewhat more minutely the various refractive 
conditions of the eye. 


EMMETROPIA, 


Concerning emmotropia, as such, that is to say, as a refractive 
condition, there is really little more to be said than is contained in its 
definition. 

‘The emmetropic eye, in a state of repose, is adapted to infinity ; it 
produces, on its retina, distinct images of distant objects, provided that 
the refractive media are transparent, The latter condition has, 
however, nothing to do with the refraction, that is to say, with the 
relation between the refractive power and the length of the eye. The 
cornea, crystalline lens, or the vitreous body may be opaque, and this 
defect may interfere with the distinctness of retinal images, but the 
eye is nevertheless emmetropic, provided it is so formed that the 
focus of its dioptric system falls upon the retina, 

If the refractive surfaces are irregularly curved, so that the distinct 
ness of the retinal images is thereby injuriously affected, then emme- 





i 








EMMETROPIA—NEAR VISION. 337 


portance, these mydriatics, with local and general hygiene, canstitute 
the principal means to be employed for its relief, 

Aside from this complication, there is nothing more to be said 
concerning emmetropia, as regarded from a clinical standpoint, at 
least in so far as distant vision is concerned, This complication, 
too, usually arises only in young patients, and emmetropic eyes are 
Jess likely to suffer from it than those which are ametropic, 


As rogards near vision, the case is very difforent. However 
perfectly emmetropia may adapt the eye for infinity, it is totally 
incapable of doing so for finite distances. For the latter, emmetropic 
refraction is too weak, and the static must, to this end, have the aid 
of the dynamic and often even that of auxiliary glasses. 

For civilised nations near vision possesses very great importance. 
Hence we may well devote a special paragraph to it and shall be 
obliged to return to this topic in connection with the discussion of 
hyperopia, as well as with that of myopia. 

For adaptation to near distances, the eye calls into play its 
apparatus of accommodation. We have already (p. 277) seen how, 
for every refractive state and for every degree of accommodative 
power, the nearest point to which the eye can adapt itself is to be 
determined. For emmetropia this calculation is especially simple. 
‘The shortest distance to which the eye can adapt itself is inversely 
proportional to the number of dioptries represented by its range of 
accommodation. This is clearly shown by the diagram (p. 174), or by 
the table (p. 178) derived from it. 

At the age of 10 years the emmetropic eye sees ab a distance of ae = Tom 


“iP? 5) ° Fi ir =10 em, 
7 . if 1 =i em. 
J % i: nom 
» 80 ie - $= 00m 
” 60 i a M = 1 motte, 
n 70 ” ” iz = 4motres, 


One might be led, by this, to assume that an emmetrope of forty 
years could easily work at a distance of 22 centimetres, or one fifty 
years old at 40 centimetres ; and that, for any eye, the accommodation 
would be sufficient for working, so long as the point, at which the 
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dioptry of all that he possesses, and still has nine in reserve; the 
tenth dioptry, however, is his last; it is brought into play after nine 
have already been expended, and when he has none besides it remain- 
ing. It is much more difficult to bring this last dioptry into action 
than it was to do the same with the first one, 

‘These examples suffice to show that the accommodative effort is 
not to be measured by any fixed standard, but finds its expression in 
the relation between the effect produced and the entire amount of accom- 
modative power at disposal. It follows from this that the reserve fund 
of accommodation must have a relative, and not an absolute, value; 
it must be a quota of the range of accommodation. 

T have tried to determine experimentally what this quota is, and 
I think myself justified, from the experiments, in assuming that it 
amounts to one-third or one-fourth of the total range of accommoda- 
tion. I mean this: that a continued effort of the ciliary muscle is 
practicable only when it calls for but two-thirds or, at the utmost, 
three-fourths of the total power of accommodation. 

Distinct vision of an object ue distant requires, from the emme- 
tropic eye, 3 dioptries of aceommodation. If this effort is to be kept 
up for a certain length of time, the individual rust have a ninge of at 
least 4 dioptries, In this case the requisite 3 dioptries represent 
three-fourths of the accommodation which he has at disposal, 

With an amplitude of 9 dioptries, an eye will be able to work at 
8 distance of one-sixth of a metre. For, after having used 6 D, it still 
has 3—¢¢., one-third of all it possesses—in reserve. 

Bat, with a range of even 2 D, something can still Le done, though 
only at a comparatively greater distance. Two-thirds of 2D amount 
to 133 D, to which corresponds a focal distance of 75 centimetres. 
Hence the eye could still work at this distance, for it is holding, unused, 
066 D or one-third of its amplitude of accommodation. The object 
might, perhaps, be brought even to a distance of 66centimetres. This 
would require 15 D of accommodation,—that is to say, three-quarters 
of the total in ourexample, Such conditions may be found in the case 
of a musician, whose notes are at some distance from him, or in that 
of a painter, who adds, to the length of his arm, that of his brush. 

When the accommodation does not suffice for the adaptation of the 
eye, we have recourse to convex lenses Thoir refractive power is 
added to that of the eye and is, consequently, able to supply any 
dofeet in the latter. Such auxiliary lenses should not, however, alto- 
gether exelude accommodation but only bring it up to the normal 
standard deduced from the above-mentioned experiments. The 
individual should contribute, for the vision of near objects, from two- 
thirds to three-fourths of the power of his ciliary muscle. 
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still, after the correction of his ametropia, retain 12—75=4°5 D, or 15 
D more than required to see at a third of a metre, But this amount 
of accommodation is, in this case, too small to permit of continued 
work, It represents but +5 of the pean power. The 
patient would therefore be obliged to work with 2 ca of it. Tn order 
to be under the same conditions as the esas of forty, the 
hyperope of fifteen would have to keep 4? =4 dioptries in reserve, 
‘These we provide by means of a convex glass of 2'5 dioptries. The 
labour performed, by the ciliary muscle of each person, would then 
be the same, 

Of course this rule, which we here recommend for the choice of 
specta ean make no claim to the exactitude of a physieal 
law. This follows directly from the latitude which we have left, be- 
tween one-third and one-fourth, for the quota in reserve. Hence it is 
only in cases of very limited ranges of accommodation that one will 
carry the calculation to so fine a point as to one-fourth of a dioptry. 
‘We may generally approximate sufficiently to call the fraction a half- 
dioptry, and simply guard against over-stepping the limits of one- 
third or one-fourth. In connection with the discussion of hyperopia 
we shall treat more fully of convex glasses, inasmuch as they there 
have a very important part to play. 

Let us now turn to the other factor which is indispensable for 
normal binocular vision, that is to say, the direction of the eyes,—the 
convergence, as we have called it. 

Tn the general portion of this treatise we have already called 
attention to the fact that perfect vision demands not only the proper 
optical adaptation of each separate eye, but also the simultaneous 
direction of both toward the object of fixation. Tn this way, by the 
fusion of the two distinct retinal images in one common impression, 
binocular vision is produced. 

We have seen that the normal direction of the eyes is under the 
control of the motor apparatus, and have designated the latter's 
function, in so far as it serves in binocular vision, simply by the term 
cae ” 

We may assume, without notable error, that the eyes have a parallel 
direction when they are at rest, and that their convergence is then, 
consequently, ni. We know that, starting from this condition, the con- 
‘Yergence muy be changed in two opposite directions. By the common 
contmetion of the abductor muscles, it becomes less than zero, i.e, 
négative, By the common action of the adductors, it becomes positive. 

Negative convergence {i.¢., divergence) is never brought into action 
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This Jarge amount of the reserve qnota might at first sight seem 
astonishing, but only so to ophthalmologists, who involuntarily compare 
the quota of convergence with the corresponding quota of accommo~ 
dation. It naturally occurs to us that the relation of the two parts 
to each other, in the two cases, is just reversed. One may employ 
two-thirds of one’s accommodation in working and need hold back 
but one-third; on the contrary, two-thirds of the convergence must be 
held in reserve, in order that one may work with the remaining third. 

This seeming contradiction disappears at once, however, when we 
call to mind the great differences existing between the muscles which 
preside over the two functions, as well as between the obstacles which 
they have to overcome. The muscles of convergence are striated, 
while those of accommodation belong to the smooth variety. First of 
all, however, we should take into account the fact that the work per- 
formed is very different for the two sets of muscles. The adductors act 
in antagonism to the constantly increasing tension of the external recéé, 
of the optic nerve and of the elastic tissues, which endeavour to keep 
the eye-ball in a state of equilibrium, The contraction of the ciliary 
musele, on the other hand, is opposed by the tension of the choroid. 
‘The elasticity of the lens, however, which tends to retain that organ 
in the more convex form which it has when left to itself, aids the 
effort of the muscle of accommodation. In fuct, it is not the 
direct result of the latter's work which we observe—not the stretch- 
ing of the choroid, but the change in the form of the lens which results 
from it, Hence the optical effect produced by the contraction of the 
muscle of accommodation is not directly comparable with the 
geometrical effect due to the muscles of convergence. We shall 
thorefore not be greatly astonished when we find that a considerably 
greater portion of the existing force ia requisite for the production of 
the former than for that of the latter. 

If it now becomes a question of ascertaining whether, in a given 
‘ease, the convergence-apparatus is able to furnish the required effort— 
whethor an asthenopia, which arises in the course of work, is asoribable 
to insufficient activity of the adductors—we shall proceed as follows :— 
We first ask: At what distance does the patient work? This may 


depend upon the nature of the work, It may be z for piano playing 
ttiy = | Ne ‘ 1 =, 

or painting, ~;- for reading, =~ for sewing, sometimes — for engraving 

and embroidering. Tho distance may alao be determined by the refrac- 


tive condition, «g., by myopia, and in this case is often very short. 
Lat us assume, for the sake of illustration, that the patient wishes 


to work ata distance of Binocular vision, at this distance, calls 
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furnished by optics—that is, the use of prisms. We have already 
(p. 193) discussed the action of prismatic glasses. When held before 
the eye, with its apex turned toward the temple, a prism deflects 
rays, which emanate from a fixation-object, in such a way that they 
appear to come from a more distant one, The effort of convergence 
required for binocular vision ia thus diminished in proportion to the 
strength of the prism. According to an explanation previously given 
(p. 193), it is easy to calculate what prism is requisite for the pro- 
duction of a given effect. The diagram, or the formula (pp. 188-190 
and 194) will aid us in this. We have given to the latter the simpler 
form of a=%, in which expression Z represents in metre-angles the 
deflection which a prism of X degrees of aperture (number marked 
on the prisms in our trial cases), placed before one eye, produces in 
each, A prism of 21°, for example, with its apex toward the temporal 
side, would diminish the convergence of each eye by Z=3=3 metre- 
angles, If the question is, as in the case under consideration, to find 
a priem of a certain desired action, we shall give the formula the 
following form: X=7 Z, ie. we need only multiply the required 
number of metre-angles by 7, in order to obtain the angle—that is 
to say, the number of the corresponding prism. 

The patient, in our example, lacks 2 metre-angles, Hence he 
would need a prism of 2 x 7=14 degrees, in case the whole effect 
were to be produced by a single prism. In practice, however, we do 
not proceed in this way, Although the action of a monocular prism 
is reully divided between both the eyes, we prefer, for very obvious 
reasons, to furnish each eye with a prism having helf the requisite 
strength. In our case, therefore, it would be necessary to place a 
prism of 7 dogrees, with its apex toward the temporal side, in front 
of each eye. But the use of prismatic spectacle-glasses is limited. 
Besides the property of deflecting luminous rays, they possess others, 
which are injurious to vision a3 soon as the prism reaches a certain 
strength: for instance, chromatic aberration, an apparent alteration 
of surface form and seeming recession of the objects looked at. 
Moreover, prisms, whose strength exceeds a few degrees, are 80 heavy 
that their use, as spectacle-glasses, soon becomes burdensome. At all 
events, it is scarcely practicable to wear prisms of more than 5*, 
Prisms of this strength would, according to our calculations, produce 
& deflection of 15 metre-angles (more accurately stated, 143 for a 
base-line of 58 millimetres, such as is found in children, or one of 
1-86 metre-angles for the average adult base-line of 64 millimetres). 
But prisms of 7", such as our hypothetical patient requires, can never 
‘be employed in practice. It is especially important to appreciate the 
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question as to whether or not the range of convergence will allow of 
the diminution, at the extremity of its punctwm remotum, whieh will 
be produced by the operation. For it will readily he perceived that, 
when there is an operative increase of the maximum of convergence, 
hy bringing the punctum proximum nearer, the risk is sometimes in- 
curred of bringing the punctum remotum too near, through weakening 
of the abductors, 

But we shall discuss these questions more thoroughly in connec- 
tion with the subject of divergent strabismus, Let us now return to 
the consideration of our main theme, the refraction of the eye, from 
which, in the interest of the atudy of binocular vision, we have made 
20 marked a digression, 


HYPEROPIA. 


Let us at first recall the definition, of hyperopia, that has been given 
‘on page 134, and which may be briefly stated as follows :—Hyperopia 
is characterised by the fact that the principal focus of the eye is behind 
the retina, 

As we have already pointed out at the place above cited, the defi- 
nition prejudges nothing as to the cause of ametropia. And, in fact, 
taking the typical emmetropic eye (pp. 109-121) as a term of com- 

ison, all the conditions that may cause the focus of the system to 
fall behind the retina, adapt the eye for convergent rays—in short, 
render ithyperopic—ure found realised, Sometimes it is too short an 
eye, whose dioptric system is equal in power to that of a typical eye; 
at other times, it is an cye of ordinary length, with too weak a 
dioptric apparatus, And this insufficiency of refractive power, which 
prevents parallel mys forming a focus on the retina, and carries them 
too far behind the retina, may be due to various eauses—flattening of the 
refractive surfaces, absence of a part of the system (aphakia), diminution 
of the index of refraction of the lens, or increase in that of the vitreous 
body. Moreover, all these causes may arise in turn {rom different in- 
fluences and, finally, may combine with each other in most diverse ways, 

Acconding to its etiology, too, hyperopia takes on different charac- 
ters and requires different kinds of treatment. 

Being given this multitude of forms of hyperopia, it is again neces- 
sary to proceed in an orderly way, 80 2 not to become confused and 
not to os the important with the accessory, the exception with 
the ru! 

‘Therefore we shall attempt to establish a typical hyperopia, which 
we shall discuss in the first place, and shall devote a special chapter 
to the various atypic hyperopias. 
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Schaefer* was also surprised at the small number of myopes and emme+ 
tropes which he met with among the students of on institution for the deaf 
and dumb, It is allowable to admit that there exists a certain relation 


between tho arrest of development of the organ of hearing, and the much 
Jess marked defect in the visual organ. 


A. Hyperopia of Low Degree—tIn the low degrees of hyperopia this 
arrest in development is scarcely perceptible. Even the nomnal eye 
shows so many deviations in its length and in the degree of curva- 
ture of its surfaces, that, without direct determination of its refraction, 
it is impossible to distinguish a slightly hyperopic from an emme- 
tropic eye, 

Moreover, we have already said that, so far as their anatomical 
structure or their working is concerned, these eyes are generally as 
perfect as emmetropic ones. We need only cite, in support of this 
assertion, certain tribes of savages, examined with reference to their 
ocular refraction, who, with their hyperopia, combined an acuteness of 
vision twice as good as the average in ourown lands. Nor need we go 
even so far in order to verify this fact. We prove its truth every day 
among ourselves, Eyes that are hyperopic in aslight degree, and such 
probably constitute the majority, nearly all have a very good acuteness 
of vision. : 

Their range of accommodation is the same as that of emmetropic 
eyes, and their excursions are at least equally extended. 


B, Hyperopia of Medium Deqree—In the medium degrees, on the 
contrary, the hyperopic type is already easily discernible It even 
betrays itself sometimes in the conformation of the cranium and face. 
The latter is characterised by its lack of relief. It appears flattened, 
especially in the region of the root of the nose, the forehead, the 
orbital borders and the zygomatic process. Tn short, the hyperopic 
type of face resembles that of the Mongolian. It might seem as if 
smallness of the eye corresponded to the lack of depth of the orbit.* 

‘The relation between the conformation of the cranium and that of 
the eye is still more apparent in certain eases of asymmetry of the 
cranium and of the face. We very often meet people in whom one- 
half of the head is visibly smaller than the other. One side of the 
forehead is only partially developed, receding, the cheek-bone more 
or less flattened and the diameter of the cheek lees than that of the 
other side. The same difference is also found between the two halves 
of the palate. One side of the chin is, as it were, atrophied relatively 
to the other. The median line of the face is not straight, but slightly 

+ Schaefer, Centraltt. f. Augenhellh., p, 65, 1884. 
* Dondery, lor. vit, p. 262. 
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curved and turning its convexity toward the better developed portion, 
as if the latter tended by its more active growth to surround the other, 
which has been arrested in its evolution! Very frequently the 
Measurement or even simple inspection of the cranium denotes a 
shnilar difference, 

In the majority of cases we find, corresponding to the less 
developed half of the head, the eye whose refraction is weaker (the 
smaller one), oftenest hyperopic, or presenting a higher degree of 
hyperopia, if this refractive anomaly oxists in both eyes. 

It is true that this rule admits of frequent exceptions, upon which 
we have never failed to insist. The general hyperopic type, above 
spoken of, may also be wanting in cases of medium hyperopia, but the 
peculiar, charneteristic form of the eye itself is almost never lacking. 

Such eyes aro generally smaller than normal ones. ‘Their arreat of 
development is especially pronounced in the antero-posterior diameter, 
so that, on w meridional section, their form approaches that of the 
diagram on page 133, and their analogy with the eyes of animals is 

very striking. To be convinced of this it is neces- 
sary only to compare such sections with the faithful 
reproduction of a rabbit's eye, which Fig. 118 
Tepresents, 

Nor can the form of the typical hyperopic eye 
escape the attentive observer, even without his 
having recourse to autopsy, Its smallness and 
great mobility strike one at first glance, and when 
the lids are separated and drawn toward the 
temple, and the eye strongly rotated toward the 

re 118 nose, the ellipsoidal form of the eye is discernible 

from the strong curvature of the equatorial region, 

Tts smallness is revealed by the possibility of following its contour 
with the eye and, even better, with the finger, behind the equator 
nearly to the optic nerve. This hyperopic form is striking, especially 
when compared with that of the myopic eye, which, as we shall see, 
is distinguished by a sort of flattening of its equatorial portion. In 
hyperopia the contour mounts rapidly from the cornea toward the 
equator, to descend again with equal rapidity toward the posterior 





If the shortening of the hyperopic eye is so marked as to be 
noticeable at first glance, without, however, its producing more than a 
medium degree of this ametropia, it must be presumed that the 


* Donders, lee. cit, p. 568, Landolt, “Relations between the Conformation of the 
Cranium and that of the Eye," British Med, Ass Mesting at Cambridge, Aug. 1850; 
British Med, Journal, April 1881. 
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dioptric system cannot be very different from that of the emmetrope ; 
that ie to say, typical hyperopia is due to a defect in the length of 
the eye rather than to flattening of its refractive surfaces. 

Indeed, ophthalmometric measurements, far from revealing a 
weaker curvature of the cornea, have now and then shown it to be 
even greater in the hyperope than in the emmetrope.* 

‘With this class of hyperopes, regular astigmatism already com- 
mences to show itself; a very important fact to notice, in view of the 
other visual difficulties with which hyperopes struggle, in proportion 
as the degree of their ametropia increases, 

According to Iwanoff (page 156 of this work), the ciliary muscle 
scoms to take ona peculiar form in the hyperopiceye. Itis not stronger 
than that of the emmetrope, although the condition of the static re- 
fraction claims a more powerful intervention of the dynamic refraction. 

As to the nervous apparatus, this commences to show imper- 
fections, visual acuteness scarcely reaches the average and is oftener 
inferior, than superior, to it, 

The field of vision, according to Uschakoff and Reich, is of somo- 
what greater extent than that of emmetropes or myopes. We have 
explained this phenomenon by the position of the eccentric portions 
of the retina relatively to the dioptric apparatus of the eye.® The 
form of the globe, strongly bulged in the case of hyperopes, permits 
luminous rays, that form a large angle with tho axis of the eye, to still 
fall upon percipient portions of the retina, while, in elongated eyes, 
they fall in front of them. Hence this slight difference in the extent of 
the visual field in favour of hyperopes is not due to superiority of the 
nervous membrane, nor does it even render them appreciable service, 

Although, in the case of hyperopes whose ametropia is of low 
degree, the accommodation may suffice, until an advanced age, to 
adapt the eye for vision at a great, as well as for a short, distance, the 
defect in the statio refraction makes itself felb much sooner in the 
medium class of hyperopes. The insufficiency of the accommodation, 
when the latter is compelled to assume the double task of supply- 
ing the lack in static refraction and of adapting the eyes to near 
work, necessarily makes itself more and more felt as the degree of the 
hyperopia is higher. We find, too, in the case of hyperopes, a very 
marked tendency to increase the distance of the object of fixation, 
with a view to keeping it within the domain where accommodation 
iy still exerted without too much effort, 

‘The proximal extreme of this domain, however, recedes pretty 
mpidly as age advances. It arrives at the limit where the maximum 

2 Donders, lor. vit. p. 246, 

* Landolt, * Hl porimotro © la oun applicasione ;" Annali di oftalmologin, ing 1971. 
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This fact may be due either to a displacement of the macula 
toward the temple, supposing the eyeball to remain the same, or to 
a displacement, i. a fanlty setting of the cornea, whose axis would, 
in this case, form an angle with that of the eyeball, and whose centre 
would be directed toward the temple. 

It is apparently the former hypothesis that Dondera has admitted, 
for he attributes to this divergence, between the visual line and the 
corneal axis, the advantage of facilitating the convergence of the visual 
lines. This is the case only when the macula has changed its posi- 
tion relatively to the rest of the eyeball, especially the muscular 
apparatus, while the eccentricity of the insertion of the cornea could 
in no way have any influence in this sense. 

Our own experiments* and those of Dobrowolski,* which have 
proved that in hyperopia the distance between the papilla and the 
macula is generally greater than in emmetropes or myopes, lend a 
high degree of probability to this opinion, unless we suppose an 
abnormal insertion of the optic nerve. 

From the fact established by Donders, it results that the corneal axes 
of hyperopic eyes always converge relatively to the visual lines, and 
that the former are in absolute divergence when the latter are parallel 
with each other, A hyperope, therefore, who presents large positive 
angles -y, may have the appearance of squinting outward, without really 
being affeeted with strabismus. The observer, indeed, judyes of the 
direction of the eyes from that of the corneee, which he sees, and not 
from that of the visual lines, which he does not see. 

‘This apparent divergent strabismus is comparatively frequent in 
hyperopes. It rarely, however, reaches very high degrees, and is 
easily distinguished from a true strabismus, It is necessary only to 
let the patient fix a near object, while one of his eyes is covered. If, 
at the instant of uncovering this one, the other be covered in turn, the 
former does not need to execute a convergence movement in order to 
fix the object ; its line of fixation is properly directed, and there is no 
strabismus. 

Real divergent strabismus is, in fact, rare among hyperopes, espe~ 
cially among those of tho class now under consideration. Converyent 
strabismus is, on the contrary, very frequent among them. 

As has just been said, Donders thinks that the size of the angle 
disposes these eyes to convergence by the fact that, other things being 


4 Landolt, La distansa tra la macula tufeo ¢ la papilla del nervo etlivo (Anvatl dé 

| ttaolyia ip. 34 Jat. 1872) 

| * Dobrowolaky Ann, d'ecutitiqu, LxvLsp. 217, Deo. 1871. 

| + Dontary te ois p 208 Landolt, Article * Strabisme'” in Diet, encyclopad, dea 
sricntes midioalen, by Deehambeo, pp. 223-226, 1982. 
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distant. He will either turn his head, or move the object so that 
this shall be on the line of fixation of one of his eyes, leaving the 
other to make all the neceasary convergence. Tf, in our example, the 
right eye were directed toward the object, the left would be found 
executing a pathological convergence of 2x3=6 metre-angles, which, 
if the object were * distant, would give this eye a total convergence 
of 4 + G6=10 metre-angles. 

In spite of this inequality of convergence, the accommodation thus 
gained would, nevertheless, be divided equally between the right eye 
(the one fixing the object, in our example) and the left (which con- 
verges excessively). Each, indeed, receives a like amount of innerva- 
tion from the nervous centres ; only, in the left eye, it is all brought 
to bear upon the adductor muscles, while in the right eye it is 
uniformly distributed to the adductor and abductor muscles, thus 
maintaining the eye immoveable in its atate of fixation, 

We do not pretend that all this takes place with mathematical 
exactness, as the figures might lead one to suppose. The individual 
succeeds, indeed, in rendering his convergence, to a certain degree, 
independent of his accommodation, as is shown by thé relative ampli- 
tude of these functions. The figures serve only, like the lines of a 
schematic diagram, to make an example more striking, 

But the principle is absolutely true, Donders has already brought 
proofs to its support, aud we can prove it, at any time, by the following 
experiment. Lf we possess perfect binocular vision, let us fix a near 
object ; cover one eye, the left for instance, and then place a concave 
glass before the right, This eye will not change its direction, and 
will continue to see clearly. But the effort of accommodation that it 
is forced to make in order to neutralise the negative glass, imposes 
itself, at the same time, on the other eye, and provokes in the latter 
a convergent strabismus of a degree corresponding to the power of the 
concave glass, The existence of this strabismus may be easily estab- 
lished objectively, and manifests itself subjectively by a homonymous 
diplopia at the moment when the diaphragm is removed from in front 
of the left eye. 

‘The anisometrope, whose one eye is hyperopic and the other emme- 
tropic, and who has binocular vision, does not obtain distinct retinal 
images in the hyperopic eye, because the amount of accommodation 
brought into play is the same for each eye. Whenever he wishes to 
see clearly with the hyperopic, his emmetropic eye is deviated iuward 
by an exaggerated contraction of its internal rectus muscle, 

Moreover, if the convergent strabismus of hyperopes is not too 
inveterate, it can be suppressed by the use of convex glasses, which 
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that thie circumstance forces the person to procure very large retinal 
images. He succeeds in so doing by bringing objects very close to 
his eyes, thereby inducing an exaggeration of convergence and secom- 
modation. 

Others attribute this form of strabismus to conditions which 
facilitate convergence, such as a stronger development, or more 
favourable insertion of the internal rectus, or s more powerful inner- 
vation of the muscles of convergence; but no positive arguments 
have been furnished in support of this hypothesis, which, however, 
seems very plausible. 

Mauthner* thinks that, if all hyperopes do not squint, it is 
because only a small number of them come to possess this artifice 
calculated to procure, for them, distinct images, In order that they 
shall discover how to do this, certain favourable conditions are 
necessary, as, for instance, paresis of the accommodation (Javal), 
or the example given by a condisciple, expert in the art of squinting, 
who excites in them the desire of imitation. In this way the stra- 
bismus woul be the punishment for imitating the infirmity of a 
companion, 

The hypothesis of our learned confrére of Vienna may have much 
about it that is true, but neither this theory, nor any of those that 
wo have enumerated, fully satisfies us, and we prefer to acknowledge 
that many cases of convergent strabismus are still beyond our com- 
prehension. This avowal does not cost us much, and certainly less 
than the building up of theories without foundation, and far-fetched 
attempts at explanation. We shall encounter still other obscure 
points in the course of these atudies. We must know how to look 
them calmly in the face, in order to undertake with courage the task 
of elucidating them. General medicine, which has for ages been the 
object of investigation, affords many more unfilled gaps than docs 
ophthalmology, which was, so to say, born yesterday. Hence let us 
not despair, but seek diligently, analyse the many facts that practice 
presents every day, and light will eventually dawn upon us. 

‘The convergent strabismus of hyperopes is generally developed in 
early infancy. It is not rarely met with at the age of from two to 
four years. 

Periodical and alternating at the outeet, ie. manifesting itself 
only under the impulsion of attentive fixation, and sometimes in one 
eye, sometimes in the other, it becomes constant, as the child grows 
older, and localises itself upon one eye. This is generally the poorer 
of the two, if a difference between them exists, 

In this connection, it has been asserted that the inferiority of the 

* Mauthner, Die oprischen Fehler des Ayes, pp 657. 
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deviated eye, in point of visual acuteness, was not the cause, but the 
consequence of strabismus, The eye which was excluded from binocular 
vision, it has been supposed, either does not acquire, or else loses, its 
normal acuteness of vision, from want of exercise. We do not 
participate in this way of thinking, An eye may for years be 
excluded from vision without experiencing any alteration in visual 
acuteness. Hence the amblyopia of a squinting eye seems to us to 
be primitive and not secondary. 

It is interesting, on the other hand, to observe with what facility 
the individual learns to ignore the retinal impression of the deviated 
eye, and the small value he seems to set upon binocular vision. 
Indeed, one never hears complaints of diplopia from such cases. The 
latter may, however, almost always be produced, though this is 
contrary to the generally entertained opinion. It is a question 
merely of facilitating this. Choosing some small object which 
vividly impresses the eye, such as a candle-flame, the eye that is in 
the habit of fixing is covered with a coloured glass, and the attention of 
the deviated eye is attracted to its own retinal image by the successive 
covering and uncovering of its fellow. It is, however, curious to 
notice that, when once having succeeded in seeing double, these 
persons have the greatest difficulty in projecting the retinal image of 
the squinting eye. They can scarcely tell on which side the flame, 
seen with that eye, is located; most frequently it is impossible for 
them to tell how far apart the images are from each other, and s0 
to give the element of a subjective determination of the degree of 
strabismus, 

This measurement is, however, easily made by the objective 
method, ie, by perimetric measurement. The impossibility of 
obtaining it by the first method is not due to inconstancy of the 
deviation, or to a vacillation of the eye causing an analogous variation 
in the reciprocal position of the two images, but rather to the loss, by 
the squinting eye, of the faculty of locating retinal impressions. 

It is this important fact which distinguishes this form of strabis- 
mus, which has been called concomitant, from paralytic strabismus, in 
which the diplopia is so marked, ao distinct, so troublesome and so 
persistent, 

The difference is, moreover, susceptible of a very natural explana- 
tion. Paralytic strabismus with diplopia is nearly always produced 
rapidly, and at an age when the eyes have for a long time been 
accustomed to binocular fixation. The convergent strabismus of 
hyperopes, on the contrary, is almost always developed slowly and 
gradually in childhood, when binocular vision has not become firmly 


* See Landolt in Traité complet d' Ophthalmologic, De Wecker et Landolt, vol. i., p. 910, 
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established, and especially in an eye whose retinal impressions are 
less distinct, and perhaps less vividly perceived than those of its 
fellow, 

Convergent strabismus is, however, occasionally produced rapidly 
in hyperopic children, especially when consequent upon general 
diseases, or even very slight affections of the eye, such as phlyctenular 
conjunctivitis and keratitis. In the first case, the result has been 
ascribed to a weakening of the power of accommodation; in the 
second, to a direct irritation of the internal rectus muscle, or, what seams 
more probable, to the influence of the occlusion or exclusion of one 
eye. The latter would, so to say, constitute an apprenticeship to 
strabismus. It suppresses binocular vision and gives to the excluded 
eye its freedom of direction. If the individual finds an excess of con- 
vergence advantageous, it is not surprising that he brings it about with 
that eye, which is of no use to vision properly so called. 

Even in cases of concomitant strabismus of rapid development, 
spontaneous diplopia is lacking. But we must not conclude from this 
that young hyperopes attach so little value to binocular vision that 
they renounce it for ever on the slightest, and even transient, occasion, 
On the contrary, the great number of hyperopes who do not squint 
and who, nevertheless, have passed through the same incidents, have 
resisted the temptation and have been saved from strabismus by the 
stability of their binocular vision, It must be admitted that there is, 
with the minority of those who squint, a predisposition to strabismus, 
with whoge exact nature wo are not yet entirely acquainted. 


C. Strong Hyperopia—The highest degrees of hyperopia bear, most 
of all, the imprint of the arrest of development which characterises 
this form of ametropia and best present certain consequences of it. 

Here a certain kinship between the conformation of the cranium 
and that of the eyes is oftenest recognisable, The hyperopie type of 
head is more pronounced. The eye itself is reduced in all its dimen- 
sions The cornea is visibly smaller, and this smallness seems to us to 
explain the diminution, in its radius of curvature, which has been 
found to exist in such cases. It seems, indeed, that this membrane is 
more curved only because the diameters have been shortened by the 
same canse to which the smallness of the entire eyeball is due, One 
would say, moreover, that this phenomenon of constriction of the 
circumference of the cornea was effected in an unequal way, according 
to the various diameters or even in a totally irregular manner, 
Indeed, the cornea often presents considerable regular astigmatism, 
with which is frequently associated an incorrigible irregular astig. 
matism. 
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The vision of hyperopes is variable, according to the degree of their 
refractive defect. When the latter is not very pronounced, the only 
inconvenience resulting from it is, as we have seen, the precocious 
appearance of symptoms of presbyopia, from ingutficiency of the accom- 
modation, which, in this case, is compelled to perform the double task 
of supplying the lack in static refraction, and of adapting the eyes to 
near work. 

We remember that moderately hyperopic eyes do not differ much 
from the normal, and that it is only with advancing age that a necessity 
arises for holding the book farther away from the eye, or for having 
recourse to glasses, while distant vision is still for a long time perfect. 
We have noticed that, in the medium degrees, the characteristic ten- 
dency to hold the object farther away is still more marked, unless the 
hyperope renounces binocular vision, giving way to a no less patho- 
ghomonic convergent strabismus, 

The phenomena presented by an individual affected with strony 
hyperopia are quite different, Far from moving the book away from 
him, he brings it, on the contrary, very close to his eyes—much 
nearer than his punctum prowimum—in such a way as to simulate 
true myopia. This error is soon dissipated by an examination of the 
eyeballs, which present a noticeable smallness, or, ab all events, a 
form very different from that which myopic eyes, reading at so near a 
punctum remotum, would have. The hyperope, indeed, so to say, 
spplies his eyes to the paper; being unable to obtain distinct retinal 
images, he seeks to obtain as large ones as possible, His circles of 
diffusion are not an obstacle for him, for, in the first place, their 
diameter, generally limited by the narrowness of the pupils, increases 
only in proportion to the square root of the decrease in distance, 
while the size of the image increases proportionally to this decrease 
itself. In the second place, there exists, in his case, a singular apti- 
tude for analysing imperfect retinal images, and making out the form 
of the object in spite of the diffusion-cireles of which its image is 
com) 5 
That does not prevent his having recourse to all possible means of 
reducing them. Thus, he will seek, by preference, a very strong light, 
which contracts his pupils ; he will limit the size of the latter still 
more by partially closing the lids, or, when he uses only one eye, hy 
carrying the object to the opposite side of the median line, In this 
way, he sees over his nose, the bridge of which intercepts a part of 
the luminous rays and thug restricts the diffusion-circles, 

A second capital difference, which exists between the second and the 
third elass of hyperopes, is that convergent strabismus is exceptional 
in cases belonging to the latter, 
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az seems to be believed. We have alroady called attention to the fact 
that, in order to keep up work for any length of time, there must be 
in reserve a certain quantity of the force that produces it (p. 173, « 
xq.). This quota is rather large for convergence. Hence it is easy to 
understand that, even though the individual should etill succeed in 
realising, for an instant, the degree of convergence requisite for his per- 
fect accommodation, he could not sustain it ; for this degree represents 
his entire range of convergence, or a very large portion of it, when it 
ought to be only a very small part. 

Convergent strabismus is not produced in those cases simply on 
account of the absolute or relative weakness of the adducting muscles, 

Something similar to this may be produced with the accommodation, 
However superior the strength of the ciliary muscle may be to that of 
the extrinsic muscles of the eye, the accommodation is, nevertheless, 
not at the absolute disposal of the individual. It is certain that the 
greater the quota of accommodation already expended, the more 
trouble its production costa. The last dioptry of amplitude of aecom- 
modation requires, indubitably, a larger quota of innervation and of 
muscular effort than does the first. Hence, neither the accommoda- 
tion brought into play, nor the convergence, can be estimated by the 
absolute number of dioptries, but by quantities relative to the total 
accommodation ab the individual's disposal—in short, by quotas. 

The accommodation, too, must have a quota in reserve, in order 
that ocular work may be accomplished for any length of time. If 
the hyperopia is of very high degree, it is quite possible that the 
required accommodation may be more than the ciliary muscle can 
furnish, especially if the latter is insufficiently developed. Hence the 
individual dispenses with an exaggerated effort of convergence, not only 
because his convergence power is too slight, but also because his 
accommodation would not be sufficient in any event. This may be 
another one of the reasons why these hyperopes acquire the habit of 
renouncing optical adaptation and bring objects so near their eyes, 

Tf convergent strabismus is exceptional in hyperopes whose refrace 
tive error is of high degree, divergent strabismus is not rarely met with 
in their caves, 

This phenomenon will not eurprise us, if we bear in mind the 
constitution and workings of such eyes. They are very imperfectly 
developed, as was said above, and work badly in all respects. One 
would think that, having already sufficient difficulty in seeing with 
each eye separately, these hyperopes would not undertake the much 
more complicated taek of binocular vision. 

Iv is quite possible that the tendency to the continued working 
of both eyes, which is the privilege of the higher orders, is itself as 
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a flat face, with small and mobile eyes, already take us suspect the 
presence of hyperopia, and if to this aspect a tendency to 
convergence, or an alrendy established convergent strabismus is added, 
one may be almost sure of having to deal with a certain degree of 
hyperopia. 

This hyperopic habitus is still more striking in the higher degrees. 
Though combined with a tendency to bring the objects fixed excessively 
near, it will at once be distinguished from extreme myopia, which 
gives rise to the same peculiarity. We have, moreover, in this 
category of typical hyperopia, insufficiency of visual acuteness, some- 
times divergent strabismus, and improvement of vision under the 
influence of strong convex glasaca, 

The hyperopia is, indeed, indubitably established only when 
optometry has brought out the defect of static refraction which 
characterises it, It is,as has been shown above (p, 253, ef seq.), the oph~ 
thalmoscope, that represents the surest means, not only of establishing 
the nature, but also of determining the degree, of the ametropia. 
Spectacle-glasses placed before the eye, or any other of the subjective 
methods of optometry above described, can by no means give an equally 
trustworthy result, The reason for this has already been given. It 
is the interference of the dynamic refraction, the accommodation. 

This ability to increase refraction plays a very important part in 
hyperopia, because it serves to correct or neutralise a portion, if not 
the whole, of this defect in refraction and to adapt the eye for finite 
distances (p. 172). 

‘The power of accommodation, employed with a view to correcting 
hyperopia, is so great in young persons that it not only adapts their 
eyes perfectly for long and short distances, but it is exerted un- 
necessarily, and even when detrimental to the eyes, when they are 
supplied with convex glasses, It happens, in fact, that young 
yperopes reject such glasses, just as an emmetrope would. Nothing 
‘but the ophthalmoscope and mydriatics permit the refractive condition 
to be ascertained in such cases, 

Theoretically, it might be supposed that seeking the punctum 
proximum ought also to lead to the same thing. The range of accom- 
modation being the same in all healthy eyes, whatever their refractive 
condition, the punclum provimum ought to be further away in 
hyperopia than in emmetropis. In other words, the refraction which 
they present, when fixing their punctwm proxvimum, must be less in 
eyes that expend a certain quota of it to neutralise their defect in 
static refraction than in the eyes of emmetropes at the same age who 
employ all of it within zero, that is to say, in the domain of positive 
refraction (p. 183). 
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accommodation, accepts, notwithstanding, the help of convex glasses. 
His visual acuteness, already at the maximum without a glass, remains 
so until the convex glass reaches a certain power. Say, for instance, 
one dioptry, A knowledge of this fact is of great value in diagnosis, 
because it establishes, with certainty, the presence of hyperopia; the 
emmetrope would not have seen so well at a distance with the convex 
glass, But, if this hyperope be examined with the ophthalmoscope, 
it may be found that, in reality, his hyperopia amounts to 5 D. 
Hence the convex glass has rendered manifest only a part of the total 
hyperopia, while another part, equal to 6 — 1 = 4 D, in our example, 
has remained latent and remains latent in spite of the strongest 
glassea. These glasses only lower again the acuteness of vision, 
because the young hyperope is not able to relax his accommodation 
beyond a certain limit. 

‘The tofal hyperopia (H'), which remained latent in the first case, 
is therefore composed in the second of a part that the individual 
can at will, or at least with tho aid of a convex glass, render manifest 
(1), and of another part which, in spite of him, remains latent (IL), 
Ht=H" +H 

When total hyperopia is very strong, relatively to the power of 
accommodation, the latter docs not suffice to entirely correct the 
former, however great an effort the individual may make. In this 
case weak convex glasses increase visual acuteness immediately, up to 
a certain limit, This limit being reached, the acuteness of vision 
remains stationary, in spite of the upward progression of the number 
of the convex glass, and, finally, decreases when a certain strength of 
the correcting-glass is exceeded. 

Thus it may happen that a person does not see well at a distance, 
and obtains the maximum of his visual acuteness only with the aid of 
the convex 1. If we give him the 15, 2, 25 or 3, vision is no longer 
bettered, but it is not leasened, either—it remains the same. But with 
the convex 3°, the patient instantly sees worse. What is here the 
amount of manifest hyperopia? Evidently 3 D. 

Itis well, however, todistinguish between this manifest hyperopia 
and that of the preceding example. In that case all the manifest 
hyperopia could at will be corrected by the accommodation ; it was 
wholly facultative. Inthe second case a portion of it (1 D) is absolute, 
and only 3—1=2D are facultative. 

Hence manifest hyperopia (H'™) may be composed of two factors— 
an absolute manifest hyperopia (H™), which no effort of the nccommo- 
dation can conceal, and which is represented by the weakest glass with 
which the individual acquires his maximum of visual acutencss ; anda 
Socultatice manifest hyperopia (H™), which he can correct at will, and 
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the best acnteness, indicates the degree of facultative ph fate 
and the weakest convex glass gives the absolute manifest 

latent hyperopia is constituted by the diffrence between the Hei 
the manifest hy 

These distinctions being established, it is self-evident that the rela- 
tions between these divers quantities are susceptible of very extended 
variations. The relation between latent and total hyperopla, generally 
the same for a determinate range of accommodation and a given degree 
of hyperopia, oscillates with these two factors, The stronger the total 
hyperopia is, the greater is also the effort of accommodation exerted 
by the hyperope to overcome it, and, consequently, the more consider- 
able is the fraction of such effort that is incapable of relaxation. 
Since accommodation diminishes as age advances, latent hyperopia 
will diminish correspondingly until the accommodating power has been 
entirely lost. 

‘Thus practice shows us, every day, hyporopic children with whom 
even the weakest convex glass produces a decrense in the acutencss of 
vision, The physiological spasm of accommodation, in such cases, is 
equal to the whole of their hyperopia. Past: the age of sixty-five 
years, on the contrary, all latent hyperopia has disappeared, which is 
equivalent to saying that all the hyperopia has become manifest, 

The same factors influence the proportion between facultative and 
absolute manifest hyperopin. 

Dr, v. Schrooder of St, Petersburg,” at that time our chaf do elénique, 
hhas attempted to deduce a law governing the relation between total and Tatent 
hyperopia (and, consequently, between the latter and manifest), He assumes 
that tho latter is the expression of a constant effort of the ciliary muscle, 
designed to conceal, in the young child, all the hyperopia, ‘The latter being 
of variable degree for differont individuals, the offort in question varies cor- 
respondingly, according to the hyperopes ; but tho individual effort romains 
constant during the entire lifetime. 

Only, as tho clasticity of tho orystallino diminishes az age advances, the 
effect of this constant effort will grow loss and Tess, Honce latent hyperopia 
is a constant function of accommodation, which may be expressed by the 
following formula -— 

Heed 
w 
in which a designates the accommodation corresponding to tho ago of tho 
subject, and the number 14 the amplitude of accommodation, as it ix sap. 
posed to be for youth,—i<,, at the moment when the individual has deducted 
from it the quota necessary for the neutmlisation of his total hyperopia, 

‘The most elementary discussion of this formula clearly demonstrates the 
diminstion of latent byporopia with accommodation, or, in other word, with 

* Th, de Schrvcder, Arch. d'Oph., Juillet ot Aodt, 1882, 
aa 
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form of a genuine migraine and render impossible, not only all work, 
‘but even the fixation of the most distant object. Such persons can 
escape from their discomfort only by closing the eyes and thus pre- 
cluding the possibility of any accommodative stimulation. Asthenopia 
arises all the more casily in proportion as the hyperopia is of greater 
degree and the power of accommodation less, 

‘Weakness of the accommodation may originate in either of two 
very distinct ways. It may be due to the erystalline, which, having 
lost more or less of its elasticity, requires a more energetic muscular 
contraction for the production of the desired increase in refraction, 
‘This is the cause which, in all eyes, brings about a diminution of the 
range of accommodation as age advances, beginning at that of ten 
years. This explains, too, why all hyperopes are doomed, sooner or 
later, to asthenopia, unless they have recourse to the preventive means 
which we shall point out later on, 

But insufficiency of accommodation may also be brought about 
by a weakening of the ciliary muscle. Thus we often see asthenopia 
in anemic children and young persons, those that are poorly nourished 
or convalescent from diphtheria, or affected with paresis of the ciliary 
muacle of some other origin, The accommodative power, being thus 
reduced, no longur suffices to adapt the eye or keep up a prolonged 
adaptation. We have, therefore, no reason to be astonished if we 
find, pretty frequently, asthenopia with a low degree of hyperopia 
and in young persons who ought to possess a very extended range of 
accommodation. They do not always have it. 

Finally, the visual troubles mentioned may also be produced, in 
spite of a weak hyperopia and powerful accommodation, when the 
peculiar nature of the individual's work, or the imperfection of his 
sight, does not permit him to choose at will the distance at which 
objects, with which he is to busy himeelf, shall be placed. These 
‘objecta may be so small—as, for instance, the meshes of the needle~ 
woman’s embroidery canvas, or the lines that an engraver must copy, 
&c —and demand such precision, that work is possible only on con- 
dition that the retinal images be rather large. To obtain such images 
the person iz obliged to get very near to his work. 

‘The same is true when the visual acuteness is insufficient whether 
this be in consequence of astigmatism, opacities of the refractive 
media, or changes at the fundus oculi, Here, too, the patient tries 
to render the retinal images as lange as possible, in order to make up 
for their imperfection, or for the insufficiency of the impreasion 
which they produce upon a weakened nervous apparatus. The 
hyperopes of whom we have spoken, whose defect is of high degree, 
furnish us the most striking examples of this kin of vision. 


"| 
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Now the (axial) hyperope, who adapts his eyes with the aid of 
his accommodation alone, finds himself under the most unfavourable 
circumstances for obtaining large retinal images, A single glance at 
the accompanying figures will at once make this clear. The three 
eyes, M, E and H, have each the same optical power, and all fix the 
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same object, A B, situated at the same distance, Ce, from each, and each 
obtains a clear retinal image of it, But the size of this image is very 
different for the three eyes, This size is determined by drawing straight 
lines (lines of direction, or secondary axee—pp, 23 and 60) through 
the nodal point (the centre of curvature of the refractive surfaces of 
the reduced eye), from the extreme points, A and B, of the object, 
to the retina, whete they indicate corresponding points of the tmage. 
The nodal point is the same in all three eyes, so long us their 
refractive systems are of the eame atrength,—at rest, for instance, 

If the eye M be so myopic that its punctum remotem is located 
just at C, it will see the object A B distinctly, without an effort of 
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accommodation. Its dioptric system does not vary, K remains where 
it is, when the eye is at a state of repose, and the retinal image will 
have the size ad, 

The emmetropic eye E, when at rest, does not see at a short dis- 
tance. Hence it makes an effort of accommodation. The strength 
of its dioptric system inereases and the nodal point advances a little, 
from K to K’, 

The offect of the increase of refraction upon the position of the 
nodal point eould not be made more evident, or more easy to under- 
stand, than in the reduced eye, as in the annexed diagrams, in which 
the dioptric system of the eye is represented by a single refracting 
surface, whose nodal point is the centre of curvature itself, The 
increase of refraction, due to the accommodation, is necessarily repre- 
sented, in the reduced eye, by an increase in the convexity of its 
refractive surface, Hence its radius of curvature diminishes and its 
centre approaches it, coming up to K’ for the emmetropic eye E. 

In spite of this advancement of the nodal point, the retinal image 
a’ V’, of the emmetropic eye, is notably smaller than that of the myopic 
one. The reagon for this is that the distance K’ m’, between the nodal 
point and the retina, is less in the emmetropic eye than the corre- 
sponding distance, Km, in the myopic one. The increase KK’, to 
which it has been subject in consequence of the advancement of the 
nodal point, is much leas than the difference, m m’, between the lengths 
of the emmetropic and myopic eyes. 

In fact, it may be said, generally speaking, that the adaptation of 
an eye to short distance, which is produced by the elongation of its 
axis, supposes a much greater distance between the nodal point and 
the retina, and much larger retinal images, than does adaptation by 
means of the accommodation. This explains why myopes see so well 
near at hand. It solves, too, remarkably, the puzzle presented by 
these extreme myopes who, notwithstanding the most perfect cor- 
rection, obtain a visual acuteness, for distance, infinitely poorer than 
that of an emmetrope, and still analyse much smaller objects, near at 
hand, than the latter can, 

‘The difference in near vision is still more pronounced for hyperopia. 
‘The eye H (Fig. 119) shorter than E, and therefore not, so well adapted 
for vision at the distance cQ, increases its refraction still more—makes 
@ more considerable effort of accommodation, The radius of curvature 
of its refractive surface is shorter than in E, the nodal point ia atill 
displaced forward, but yet this advancement K’ K" is lees than the 
amount mm". Hence K* m" is less than K’ m’ and, consequently, 
the image a” 0" smaller than a’2’, proportionally to the difference 
between Km" ond K'm’, It results from this that the stronger the 
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against which we possess scarcely any remedy, Not less important is 
the amblyopia due to imperfeetion of the nervous apparatus of the 
eye, such as is often met with in the highest dogroos of this form of 
ametropia. 

These are the principal visual troubles that are susceptible of 
being produced by hyperopia. It must not be forgotten, however, 
that the latter does not preserve the eye from any dizease; in other 
words, that the hyperope may be attacked by any kind of ocular 
trouble, just as the emmetrope or myope. But we must guard against 
attributing, under such circumstances, everything to his refractive 
condition, as has often been done in an excessive spirit of system. 


‘Tue Treatwent or Hyprropia. 


Hyperopia may be spontaneously rectified. Statistics, however fal- 
Tacious they may be in general, clearly prove this. The proportion of 
hyperopes is much greater among children than among adulte, Hence 
many emmetropes are cured hyperopes ; and many myopes were for- 
merly hyperopes; nor have they much cause for rejoicing in this 
change of refraction, as we shall see. 

This diminution and disappearance of hyperopia, which takes place 
gradually in certain individuals during the period when tho entire 
organism is growing and acquiring its definitive form, may easily be 
followed with the aid of the ophthalmoscope. The eye participates in 
this general development, and, from being imperfect, as it hax been, 
becomes normal. 

Nature alone can bring about this happy transformation, We are 
ineapable of producing it. Although hyperopia is spontancously 
Tectified, we possess no means of changing the form of the eye, elon- 
gating its axis or increasing the power of its dioptric system. 

But, in default of o radical cure, we possess the most effective 
palliative remedies, Theee are, before all others, conver lenses, Such 
glasses, by adding their refractive power to that of the eye, can supply 
any deficit in the latter and correct no matter what degree of hyper- 
opia. More than this, if the accommodation is weak, they come to 
the aid of the dynamic refraction, as well as supply the lack of 
static refraction. In short, we have in convex lenses the moans, not 
only of correcting all possible degrees of hyperopia, but of adapting the 
eye for vision at any desired distance, by relieving its accommodation 
to any amount that we may wish. 

Convex glasses are certainly most powerful and most precious 
remedies for the hyperope ; but they are a benefit to him only on con- 
dition that he uses them judiciously ; otherwise they may do harm, as is 
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service that the attendant inconveniences disappear in comparison 
with it, 

In case of the trouble which we are at present considering— 
hyperopia—we shall have recourse to spectacles only when they are 
demanded on account of asthenopia or insufficiency of sight, But we 
shall not prescribe them, for instance, for young persons having low 
degrees of hyperopia, who sce perfectly well both near at hand and at 
a distance, and have no trace of either asthenopia or strabismus. 

When spectacles are ordered, it should be done with the greatest 
discernment, One must not give way to the idea that, if the glass 
is not strong enough, the patient will return to have another pre- 
scribed, and that, if it is too strong, he should be glad of it, since, 
in this case, his accommodation will be so much the more relieved. 
Whoever should proceed on this plan would grossly deceive himself. 
Between convergence and accommodation, which are customarily as- 
sociated together, there exists an intimate relation which cannob 
be interfered with without the production of serious inconveniences 
as regards vision, Even he who sees with only one eye has accustomed 
himself to a certain position of the body,a fixed distance for his work, 
a given size of retinal images and a nearly constant effort of accammo- 
dation, all of which conditions he can renounce only with difficulty, 
even when his own interest demands it, Why should he be forced, 
by too strong glasses, to do this when he has nothing to gain by it ? 

The choice of glasses is a delicate operation ; he alone is successful 
in it who, to a perfect theoretical acquaintance with the subject, adds 
the intelligent observation of each patient. It does not suffice to 
know the action of lenses, from every point of view, and the workings 
of the visual organ. We must know, more than this, how to indi- 
vidualise cases—that is to say, we must take into account the state of 
refraction and accommodation, that of the muscles of the patient’s 
eyes, the particular purpose of his wearing glasses, his peculiar habits, 
and many other circumstances to which attentive observation in prac- 
tice teaches us to attach importance. 

It is impossible, therefore, to make rules, in this matter, which may 
be blindly followed, which would answer all questions by anticipation 
and lieve the oculist from the necessity of reflecting and com- 
bining for himself. We believe, however, that we can give, for the 
‘use of convex glasses, a goneral principle, which has long served us 
as a guide, and concerning which we have oceasion for satisfaction 
only, especially because we never close our eyes to the exceptions to 

tule, 


We consider the static and dynamic refraction a3 one whole, and 
we say— 
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manifest hyperopia. The absolutely manifest hyperopia may always 
be not only corrected, but even somewhat over-corrected, so long, at 
Teast, a8 any accommodation at all exists. Where, however, there is 
no accommodation, that is, where the entire hyperopia is absolutely 
manifest, there cannot, as we have already shown, be any question of 
a reserve-quota. For distant vision, the entire hyperopia must be 
corrected and, for looking at near objects, the hyperope must be 
further provided with the glass corresponding to the required dis- 
tance. For instance, a hyperope of four dioptries, who, whether from 
advanced age or in consequence of paralysis, has lost his faculty of 
accommodation, wants, for distant vision, convex number 4; and for 
working purposes, at the distance of say =, neither more nor less 
than convex 4 4+3=7 D, 

But facultatine-manifest hyperopia will be totally corrected only 
in special, exceptional cases, of which we shall speak in connection 
with asthenopia and when on the subject of convergent strabismus 
especially, 

We have, indeed, said that, for the application of our rule, static 
and dynamic refraction must be regarded as forming, together, bat 
one whole. The accommodation which conceals, at will, u portion of 
the manifest hyperopia, that which is facultative, is added to the 
general refraction, as well as that which masks the latent byperopia. 
Suppose, for instance, a total hyperopia of 6 D, of which 15 D is 
absolutely manifest, 2 D facultative-manifest, and, consequently, 
25D latent, To correct it for distance, we shall not prescribe the 
convex 15, because, with this glass, distant vision would still require 
all the accommodation that the individual has at disposal. Nor shall 
we give him the 3°5 (the amount of manifest hyperopia), becanse, in 
this way, too great a portion of his accommodation would be dis- 
engaged (35 in 45 dioptries). He needs an intermediate number, 2 
to 25 D, according to what we have explained above. 

The quota of one-fourth seems to be sufficient in the great 
majority of cases of emmetropia, or low degrees of hyperopia, But 
daily observation shows that, in the case of hyperopes of high degree, 
who are obliged to call upon their accommodation, even when looking 
at distant objects, for a considerable permanent contribution, the 
quota of accommodation, for near work, must be increased and made 
one-third, Thus, lot us take the case of a hyperope of seven dioptries, 
whose amplitude of accommodation amounts to 9 D; with what glass 
will he most conveniently work at 33 centimetres (3D)? The quota 
of accommodation is represented, in this case, by 3 =3D. Adding 
these to the 3 D of positive refraction necessary for vision at 33 
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count the habits and fancies of the patients, and especially the glasses 
they have hitherto worn, 


Seconpary Action or Convex Srectacte-Grasses—The number 
‘of the lena is not the only thing to be taken into consideration in 
adapting an eye, 

The distance between the glass and the eye may increase or diminish 
the influence exerted by the former upon the refraction of the latter. 
We have already met with an example of this (p. 137), and shown 
that, whon employed os a means of adaptation for distant vision, 
convex glasaes act as so much the stronger lenses, in proportion as 
they are further removed from the eye. But that is only one special 
case. Convex glasses do not serve alone for distant vision and are 
not prescribed solely for hyperopes. The effect of their recession from 
the eye varies with the conditions in which they are employed, as 
well as with their number. Hence it is important to be acquainted 
with the general rules governing their action, 

‘They are the following = 

In order to adapt an eye to a distance greater than double the focal 
distance of the conver lens, the latter will need to be weaker in propor- 
tion as it is farther removed from the eye; or, what amounts to the 
same, a weaker glass, farther from the eye, will have the same effect 
as a stronger glass, nearer to the eye. 

This law is applicable to the case to which we have just referred, 
that of the hyperope's correcting-glass. The distance, to which thia 
slags adapte him, is infinite, and, consequently, greater than 2 F, if we 
call F the focal distance of the glass. 

The same is true of a finite distance of adaptation, as long as this 
is greater than 2 F,ey., in hyperopia of high degree, especially in 
aphakia, In order to adapt a hyperope of 10 D to 25 centimetres 
(>) we should need, if the glass were placed in actual contact with 
the cornea, 10+ 4=14 D. The focal distance of this is F = 71 
millimetres, and the double of it, 2 F = 142 millimetres, hence less 
than 25 centimetres. If we place the glasses farther away, a lower 
number will be necessary, in order to give, to rays coming from a 
distance of 25 centimetres in front of the cornea, x convergence toward 
& point situated LO centimetres behind it, 

This is the reason why all hyperopes can increase the effect of the 
glass which adapts their eyes for distant vision, by moving it away 
from the eye. Extreme hyperopes even enjoy this advantage with 
reference to the glass which serves them for near vision. 

‘The contrary is true when the distance, for which the eye is 
adapted by means of the convex glass, is dessa than double the focal 
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hyperopic, make himself so by means of a concave lens, and he will 
sve that, upon correcting his hyperopia with a weak convex glass, the 
latter's effect will be increased in proportion as it is withdrawn from 
the eye, On the other hand, if he takes a strong convex lens and 
reads with it, at the distance of his punctum prozimum, it will be 
noticed that the farther the lens is removed from the eye, the farther 
he will be obliged to remove the book, and wice veran.* 

The convex lens has not for its sole object that of giving the eye 
the optical adaptation for a certain desired distance, tc, of procuring, 
for it, distinct images of objects located at that distance, These images 
are, moreover, eularyed relatively to those obtained by the naked eye, 
adapted solely by its accommodation. 

‘The magnifying influence of the convex lens makes itself all the 
more felt in proportion as the lens is stronger and farther removed 
from the eye, A hyperope whose ametropia is of high degree may, 
in this way, considerably increase the size of his retinal images. 
Furnished with convex glasses of different. powers, placed at the 
distances at which they correct his hyperopia, his eye is very like an 
opera-glass whose magnifying power may be ten or more.* 

Positive glasses exert still another influence on vision, which 
depends upon their magnifying action, upon the advancement of the 
nodal point and also upon the partial relaxation which they canse 
the accommodation to undergo, This is, first, with regard to the 
estimation of the distance of an object, This estimation, in monocular 
vision, results from three principal factors: the size of the image 
produced on our retina, the real size which we suppose the object to 
have and the effort of accommodation necessary to adapt the eye 
to the distance at which it is situated. The convex glass, by increas- 
ing the extent of the retinal image, thereby increases the apparent 
size of the object, and makes it seem nearer, It ia true that the 
relaxation of the accommodation, produced by the convex glass, ought 
to make us suppose the distance of the object greater; but if this 
factor predominates, when we use a magnifying gluss, for instance, 
the accommodation being wholly relaxed, it would disappear before 
the magnifying effect of a weaker glass, which only relieves the ciliary 
muscle of a portion of its taek. 


» Malmonide Levi, Sul influense dail allontanamento dele lenti poritive dal oeckio 
(communication made to the Congress of Italian Ovalint at Florence, Sept, 1877), and 
Landolt in de Weckor et Landolt Traité complet d'ophth., Wi, p. 360. 

* Landolt, in de Weoker ot Landolt's Traité complet’ dephthabnologie, vol. by p. 
02, The effect of on opers-gines may be explained in this way; the concave covlar 
pectin i Samra rs Soren and the convex objective is simply his correeting- 

elas, placed at some distance from the eye.” Ta thie way he oblaine very large retinal 
finages of the oljucta looked at. 
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An emmotrope, whose amplitude of accommodation amounts to 
4 dioptries, has a region of accommodation included between 25 centi- 
metres and infinity. With the convex 2, his becomes equal to +2; 
ie, his punctum remotum (2) is brought to 4 =50 centimetres, 

His p becomes equal to 44+-2=6D. The punctum pracimum (F) 
is, therefore, located ut a distance of 166 centimetres, and RP, his 
region of accommodation, now amounts to only 50—16°6=33'4 centi- 
metres, 

On the contrary, if the convex glass adapts the hyperopic eye for 
infinity, as is the case in manifest hyperopia, it increases the region of 
necommodation, 

Convex glasses modify, moreover, the relation belween accommodation 
end convergence. An emmetrope who sees, binocnlarly, at a distance 
of 52, associates 4D of accommodation with 4 metre-angles of con- 
vergence, If he sees at the same distance through convex glasses of 
3D, his convergence-cffort still remains the same (4 metre-angles) ; 
but his accommodation now amounts to only 4—3=1 D. 

An emmetrope (or corrected ametrope) can easily watch the effect 
of a discord between these two functions by fixing, hinocularly, an 
object situated at the foous of two strong convex lenses. In order to 
fix this near object binocularly, he is obliged to make no considerable 
effort of convergence, whilst, in order to see it distinctly, the accom- 
modation must be totally relaxed. The result is that, at firet, the 
object is seen with erossed diplopia, beoause the sudden exclusion of 
the accommodation disposes the eyes to assume a parallel direction, or, 
at least, renders convergence difficult. 

They diverge, therefore, relatively to the position of the object. 
Even when one has succeeded in uniting the double images, a certain 
disagreeable feeling often persists in the forehead and eyes, and proves 
that the latter perform only with difficulty this unusual and anti- 
physiological function, Something similar occurs when too strong 
convex spectacles are worn. 

But the influence of well-chosen convex glasses, upon the relations 
between accommodation and convergence, far from being troublesome, 
becomes one of the most valuable therapeutic means of treatment, 
of anomalies of refraction and accommodation, Tn fact, let us bear 
‘will diminish it, on the contrary, when the punctwm procimum is not brought so much 
nearer os is the punctum renotum, which Is the case with the oorrecting-glasses fur 

Concave glumes, being constantly destined to carry the punctum remotum away from 
ithe eye, without ever causing it to pass buyond infinity, and without bringing about a like 
reeemion on the part of the punctum proximum, will always increasc the region of 
sccommodation, 

2B 


— 


— 
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in mind a remark made in a preceding paragraph,—that is, that the 
figure expressing the amplitude of accommodation does not represent: 
the measure of the muscular or nervous effort made, since the latter 
acts through the intermediation of the crystalline, whose greater or 
leas elasticity will determine the optical effect produced by this effort. 
Now, since the elasticity of the crystalline is diminishing throughout 
life, the accommodative effort ought to increase proportionately, int 
order to produce the same number of dioptries And, inasmuch as 
the amplitude of convergence, essentially dependent upon the strength 
of the muscles, does not diminish with the accommodation, but remains 
nearly stationary, the individual is forced to vary, even in a physio- 
logical state, the effort of accommodation which he associates with 
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a given effort of convergence, The 8 dioptries of accommodation, 
which an emmetrope must have when fixing an object $3 centi- 
metres distant, will require from him a much greater muscular effort 
at the age of forty than at the age of twenty years, while the effort 
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of convergence will remain the same—3 metre-angles. The difference 
is still more perceptible in the cases of hyperopes, especially of the 
medium or high degrees, in which the defect in static refraction, of 
itself, determines a breach of the equilibrium between the two 
functions, 

In all these cases, convex glasses render inestimable service. By 
relieving the accommodative muscle of a quota of its work, they 
equalise the efforts of accommodation and convergence, by establishing 
between them, at least, the relation most agreeable to the individual. 

But convex lenses can also exercise a DIRECT influence upon conver- 
gence—that is to say, upon the direction of the eyes. Indeed, a convex 
lens in section may be regarded as two prisms, having convex sur- 
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faces and their bases joined, the apices corresponding to the edges of 
the glass, M'M’L, and MM’ L/ (Fig, 120), 
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felt even for the lower numbers, especially if the muscles are some- 
what weak, as is often the case, They then determine an asthenopia 
which is inexplicable to those unacquainted with the action of the 
glasses that they prescribe. From four dioptries on, their influence 
on convergence ought never to be disregarded. The higher numbers, 
badly mounted, can produce very troublesome diplopia. It happens 
thus, that: persons, from whose eyes cataracts have been successfully 
removed by operations, see objects only manocularly, closing one or 
the other eye. As soon as they open both eyes, they see double, and 
are extremely annoyed by this phenomenon. 

What is to be done in such eases? Theoretically, it would be 
necessary to give the glasses such an inclination, that the lines of 
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vision should coincide with their axes directed toward the object, or, 
what amounts to the same, the plane of the glass would have to be 
perpendicular to the line connceting the object with the fovea centralis 
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of the eye. It is evident that it would be impossible to wear such 
spectacles, at least for very near vision, 

It is better to decentre the glasses, de, to grind them so that, for 
the distance for which they are designed, the lines of vision shall 
pass throngh their centres (Fig. 122). This is perfectly practicable, 
80 long as the glasses are nob too strong, iz. too convex. 

Since the thickness of a centred glass increases uniformly from its 
periphery to its centre, following each of ita radii, it is evident that a 
glass of this kind will present, for a constant curvature and diameter, 
the minimum thickness that a lens can have But this will no longer 
be true of a decentred glass of the same diameter and the same 
curvature. As goon as its centre is displaced in any direction, the 
radius of the Jens, in which it is cut, must necessarily increase, and, 
with it, the thickness of the glass. It will be seen, indeed, that the 
lens GH in Figure 121 is narrower and thinner than the lens GH” 
in Figure 122, from which has been cut the decentred lens GH’, the 
latter having been given the same diameter as G H. 
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Figure 123 gives the geometrical demonstration of this. The sur- 
faces of the lenses GH and GH" are described with equal radii. The 
centre (C’) of the second is displaced toward the right, relatively to 
the centre (C) of the first, and we see that, at those two points, the 
thickness of the glasses is very different for the same length GH. 
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This difference depends upon the greater dinmeter of the lens GH”, 
of which the decentred glass constitutes a fragment 
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The ideal correction would be realised by a single lens, large 
enough so that (its axis X X’ (Fig. 124) coinciding with the median 
line) both eyes might simultaneously ook th sugh eecentrie por- 
tions of the lens. In this case, the effect, produced by the latter 
upon the refraction of the cye, is equal to that which it has upon 
the convergence, If it diminishes, by three dioptries, the accom- 
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If we wish each eye, when fixing A, to need no mor rofretion than it 
would whon looking at a more distant point, B, for inetanoe, at « distance 
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B, which requires only 1 =d of refractive power, we evidently need a convex 


lens whose refmctive power shall be s=a-6, or, expressed in terms of 
distance, p= A—qp if F be the focal distance of the lens. 


Lat us mark off, on the median line, the focus #* of the lens at tho dis- 
tance F from either eye. 
In onder to fix, binocularly, the point A, each eye must have a con- 








vergenceangle, which is also the reejprocal of the distance A, ar 1 =a (we 
p. 188). 
In onder to fix the point 2, there must be a convergence of f= And, 


to change convergence toward A into convergence towanl A, we evidently 
1 


=F 





need a prism whose strength is a~2=/, or ~ 3 
This expression is {dentical with the preceding ono, which ought to bo 
the case, according to what we have shown on pago 190, 
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Hence the angle of deviation of this prism will be the angle OFM. 
It represents f motreangles, if F is measured with the metre, To obtain 
its absolute value, Iet us call it 8 and designate by D=O M half the 
base-line, 
We may then write : 
sin 8=P 


or, supposing the sine equal to the angle : 


oaF 


Suppose that we have obtained the desired refractive effect by means 
of a large convex lens, placed before the eyes as is indicated in Fig. 126. 
Then the left eye, looking through the point O of the lens, will see the 
point A as clearly as if it were at B. 

What will be the prismatic effect of this point O of the lenst To 
ascertain this, let us first draw a tangent at this paint, i.e, a line per- 
pendicular to the radius CO of the lens. Repeating the same thing for the 
posterior surface, which wo suppose to have the same curvature as the 
anterior, wo obtain the prism M LP, which corresponds to the two points, 
of the respective surfaces of the lens, through which the left eye looks. 

Now, the angle MLS, or A, is equal to the angle MC O, because their 
sides are mutually perpendicular, 

For the angle MC O, we have the expression : 


tg MCO, or tg Amp 


if we designate by D the distance MO, and by R the radius of curvature 
of the surfaces of the lens, 
The angle ML P of the prism=2 A or Ais, therefore : 


An22, 
supposing the tangent and the angle equal. 


Now, the angle of deviation of a prism is, according to a well-known 
law of physics : 


A=A(n-1). 
From our formula 20* (p. 55), it resulta, on the other hand, that 
R=2F (n-1); 


hence 





This D is neatly the same as balf the base-line. The deviation A, pro- 
duced by the lens at the point O, is, therefore, identical with that, 8, which 
we have found above as being requisite, in order to change convergence 
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for A into convergence for B. Hence, the lens thus employed fulfils the 
aim of relieving the accommodation and convergence of the eyes, by identical 
quantities, 








Fro, 





It should not be forgotten that the prismatic action of spherical 
glasses does not make itself felt solely in the horizontal, where it dimi- 
nishes or increases convergence, and may bring about a homonymous 
or crossed diplopia, but also in the vertical, or in any other direction. 
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This action manifests itself in a vertical or oblique diplopia, much 
more troublesome than a similar disturbance of equilibrium in the 
horizontal, whenever somewhat strong glasses are placed at different 
heights before the two eyes. Hence, we should be careful that the 
line, joining the optical centres of the glasses, is parallel with the base- 
line. It must, moreover, be contained in the plane of fixation passing 
through the latter and through the lines of fixation, so that objects 
seen binocularly shall appear to be where they really are. 

‘When one looks through the edge of @ convex glass, placed at a 
certain distance from the eye, and in such a way that its edge is just 
opposite the corresponding pupillary circumference, the point of fixa- 
tion disappears and, with it, a more or less extended portion of its 
surroundings. This gap is greater in proportion as the glass is 
stronger and farther removed from the eye. This is easy to under- 
stand. Among the rays coming from the point of fixation, some pass 
outside the glass, but do not enter the pupil, since the glass entirely 
covers this; others are deviated by the prismatic edge represented by 
the border of the convex glass, so that they fall beyond the opposite 
margin of the pupil. 

If the centre of the lens is placed in front of the pupil, the same 
result will, evidently, be produced for all objects situated on a line 
joining any point of the edge of the glass with the corresponding point 
of the pupillary circumference. The field of vision of an eye furnished 
with a convex glass will, therefore, present a larger or smaller annular 
hiatus corresponding to the circumference of the lens. 

When one looks through the latter along its axis, this suppression 
of a part of the visual field is less troublesome in proportion as the 
glass is weaker and as the gap remains more peripheral. But it may 
become a serious inconvenience for persons who, like those who have 
undergone cataract operations, use strong glasses and sometimes look 
through their edges. 

The spherical and chromatic aberrations presented by the convex 
glasses used in ophthalmology are not noticeable enough to constitute 
serious defects. They scarcely manifest themselves except in strong 
glasses, when the line of vision passes through them elsewhere than 
through their centres. In this case these secondary effects of convex 
glasses are the stronger in proportion as the part of the glass in front 
of the pupil is farther from the centre. 

It has been attempted, without much success, to remedy these 
defects by making achromatic and aplanatic lenses. Crown-glass 
lenses are preferable to those of ordinary glass, because they are much 
less dispersive. Perfect achromatism is obtained by the combination 
of a crown-glass lens with one of flint-glass, But these combinations 
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give such heavy glasses that their advantages do not counter-balance 
this inconvenience. Aplanatism is nearly realised by the juxtaposi- 
tion of two plano-convex glasses, touching each other by their curved 
surfaces.” 

We remember, too, that when one locks obliquely through a 
spherical glass, or, what amounts to the same, inclines it in front of 
the eye, its refractive action increases in the direction perpendicular 
to the axis of its rotation. Thus, if we rotate a convex lens about a 
horizontal line, or if we look from above downward through the same 
glass held vertically, it will act as if we had added to it a convex 
eylinder with its axis horizontal. Objects may, therefore, undergo an 
apparent distortion, more or less perceptible, according to the angle 
formed by the line of vision with the plane of the glass. To avoid 
this inconvenience, the glass should be given such a position that the 
line of vision shall pass through it as nearly as possible perpendicularly 
to ita surface. Thus, glasses destined for distant vision, the correcting- 
glasses of ametropin, are to be placed vertically, because generally, when 
looking at distant objects, the eyes are directed straight ahead. On 
the contrary, glasses destined to assist near vision are inclined, because 
near objects aro almost always fixed by directing the gaze downward. 

We have roquired, moreover, that the line joining the optical 
centres of the glasses shall be in the plane of fixation, and that the 
latter shall be perpendicular to the plane of the lenses. This is equi- 
valent to saying that the glasses ought to be not only inclined, but 
also /owered for near vision, as if they had turned with the eyes, about 
the centres of rotation of the latter. 

There results from this, as to the position of spectacles, this very 
important fact: supposing that, as is desirable, the optical centre is 
on the horizontal diameter of the mounted glass, this glass must be 
placed lower, and its upper edge inclined forward, in spectacles de- 
stined fornear vision, ‘This position is possible only when the summit 
of the bow, joining the two glasses, ie higher than the middle of the 
latter. Most often it is necessary to raise it even to a level with the 
upper borders of the frames, and Jet it project beyond their plane, ac- 
cording to the height and shape of the nose. The glasses may, mory- 
over, be inclined relatively to the temple-pieces, in order to satisfy the 
second condition, of which we have spoken above. For this purpose 
we have had spectacle-frames constructed and furnished with a hinge 
near the glasses, so that the latter may be inclined as desired. 

We regret our inability to devote more space to adiscussion of the 


* Donders, foe, cit, p 139, 
# Hunter, The Amer, Ophds. Soe., ni, Ann. Meeting, p. $56, 1876. 
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Seen an eminent painter who was so charmed with the Franklin 
glasses that I had suggested for his use, and which he preferred to 
wear in round frames, that he faithfully reproduced them in his 
portrait, not omitting even the fine luminous line marking the junction 
of the halves of each, 

It is self-evident that, if the hyperopia of the aye is complicated 
by astigmatiam, the latter is to be corrected by means of an appro- 
priate cylinder (see p. 303 et seg.), which is to be added to the correct- 
ing-glass. This glass then presents, on one of its faces, the spherical 
curvature destined to neutralise the hyperopia, and, on the other, the 
cylindric curvature which remedies the astigmatism. 

It is not to be forgotten that, occasionally, though rarely, near 
vision requires a cylinder somewhat different from that which adapts 
the eye fora distance. Hence we should always test the correction 
for both cases, for distant and near vision. 


Treatment of the Convergent Strabismus of Hyperopes. 

We have seen that the hyperope, in order to obtain the accommo- 
dation that he needs, very easily becomes the victim of an exaggerated 
convergence, and we have pointed out the natural tie which exists 
between the refractive defect and convergent strabismus, It is this 
pathogenic mode upon which we shall base our therapeutic attempts 
to combat the deviation. 

We frequently meet with young hyperopes whose strabismus is 
still only in its commencement ; the exaggeration of convergence has 
not yet passed into a state of permanent habit and arises only under 
the influence of a transient act of fixation. In such a case, resting 
the eyes, the cessation of all work necessitating an excessive effort of 
accommodation, will sometimes suffice to dispel the deviation which, 
otherwise, would tend to become persistent, Thanks to theee precau- 
tionary measures, we shall be able to avert imminent strabismus and 
preserve binocular vision by imposing upon it only a moderate task. 

Nevertheless, in order not to condemn the eyes to absolute in- 
action, especially in the case of children who are commencing their 
studies, we shall have recourse to still another means; the accommo- 
dation will be relieved of at least a part of its work by means of 
CONVEX GLASSES. Thus it may be that wearing glasses which correct 
the manifest hyperopia often prevents all strabismic deviation in young 
hyperopes, or suffices to cure it when it has just commenced, 

Tt is clear that, if the hyperopia is accompanied by astigmatism, 
the latter should be corrected at the same time, In this way the 
ciliary musele will be doubly relieved—first, by being spared the cor- 
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suitable convex glasses would be no more injurious than distant vision. 
But thie is not so, One has frequent opportunities for observing that 
patients, whose eyes are perfectly well directed when looking at 
distant objects, begin to squint as soon as they fix near ones, and 
that, too, notwithstanding the fact that they use lenses which adapt 
them to the near point. 

‘This fact goes to prove that, in such cases, the impulse to conver- 
gence, of itself, provokes the atrabismus. We try, therefore, to avoid 
the latter, not only by forbidding the patient to make any attempt at 
near vision, but by even rendering it impossible for him to do so. Tf, 
after a few weeks’ properly continued treatment, it appears that, with 
the required glasses, the strabismus for distance nor that for near 
vision returns, we may then order, for studious persons, spectacles for 
working purposes But we must, at the same time, emphatically 
advise them not to abuse our permission to return to their work, and 
to take it up in the beginning for but a few hours each day, and 
with frequent intermissions. Thus it is often possible to continue a 
course of atropine treatment for months, without serious detriment to 
a child's studies, By and by we may try diminishing the dose of 
the mydriatic, or even to discontinue it altogether. Tf this succeeds 
without the patient again relapsing into a squint, we then change the 
glasses which have hitherto been worn for the strongest convex lenses 
with which ho is able to see at a distance, In anisometropia and 
astigmatism we follow the rules given in the chapter devoted to their 
treatment, The patient must now wear these correcting-glasses con- 
stantly ; but he no longer requires special glasses for working, as his 
accommodation has agnin attained its full power, 

The strabismus is therefore considered cured, and we may con- 
gratulate ourselves upon the result obtained, even after taking into 
account the annoyance from wearing spectacles, Sensible patients, 
asarule,do not complain of this, especially when they are made to 
understand that without glasses they will again begin to squint, and 
possibly even need to undergo a surgical operation. 

If, after some little time has expired, there has been no recurrence 
of the stmbistans, it may be desirable for the patient to try occa 
sionally to do without spectacles—for instance, when out of docrs— 
‘but being careful always to wear them while at work, It may also 
happen that, where the hyperopia is of a moderate dogroe, the squint 
but slight, the visual acutencss good and the constitution robust, the 
muscles of the eye may, in time, he able to resume their proper 
functions without the aid of glasses, Such cases, which are not very 
rarely met with, constitute real triumphs of the healing art. 

Greater difficulties have to be surmounted in the treatment of 

2c 
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Tum, we seize, with the forceps, a fold of the conjunctiva at the level 
of the insertion of the tendon to be set back. ‘The fold may be either 
vertical or horizontal, according as to whether the incision is to be 
made horizontally or vertically, We prefer a horizontal incision at 
about the middle of the breadth of the tendon. 

The incision being made of a length of about 4 millimetres, its 
edges are successively seized with the forceps, and the conjunctival 
membrane is loosened to a greater or lesser extent, according to the 
effect which it is desired to produce from the capsule of Tenon, which 
ig subjacent to it. The closed forceps is then, according to the advice 
of v. Arlt,* introduced into the wound, and is passed along the 
surface of the globe as far as 3 millimetres behind the insertion ; then, 
giving it a direction perpendicular to the globe, if it be an ordinary 
diseecting-forceps, it is opened widely and tho muscle grasped. 
Tn raising the part held between the jaws of the forceps, it is easy 
to entirely detach the tendon, at its scleral insertion, with one cut 





Fre, 127, 


of the scissors, In order to do so, it is necessary to introduce but 
one blade of the latter under the muscle, to push it towards its 
insertion, and then to close the blades. A pair of scissors with curved 





Fre, 123, 


blades, ns shown in Fig, 127, is peculiarly adapted to the perform- 
‘ance of this operation, 


1 V, Arlt, in Grnafe und Sacmiscb, Hondb, der Gen. Augenheilh., vol fi, p $09, 
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When the convergent strabismus exceeds 20°, the method ta be 
followed varies according to the age of the patient, the localisation 
of the strabismus (alternating or unilateral), the visual acuteness of 
the deviating eye, the more or less marked tendency to binocular 
vision and the condition of its muscles, such as it presents itself upon 
examination of the field of fixation. 

If the case is that of a child, for instance, whose strabismus varies 
between 20 and 35 degrees after correction of the total hyperopia, and 
whose two eyes do not show a great difference in visual acuteness, 
it is necessary to wait soveral weeks, or months, for the final effect 
produced by a primary tenotomy. We may endeavour to increase it 
by the use of louchettes, a kind of opaque spectacles, in which, for 
each eye, is only a small hole, which makes it impossible to look other= 
wise than in a certain direction, In thus placing the eye at diver- 
gence a few days after the operation, it is possible to obtain an amount 
of correction above 20°. When no farther results can be expected 
from the employment of louchettes, after the new insertion has become 
firmly attached, orthoptic exercises are again to be resorted to for some 
length of time, with the stereoscope, for instance, according to the 
indications to be given further on, 

The effect of u tenotomy can also be augmented by the aid of v. 
Graefe’s suture? or by those of Knapp. The former consists of a 
sort of capsular advancement. A threaded needle is passed through 
the conjunctiva of the external part of the globe, at the edge of the 
cornea, passing through the episcleral tissue for a distance of several 
millimetres, and tied together more or less tightly. 

As to Knapp’s ligatures, the author deseribes them in the following 
manner: To increase the effect of the tenotomy, a thread, armed with 
two needles, ia passed through the conjunctiva and the superticial layers 
of the sclerotic, close to the corneal margin, and through the palpebral 
commissure opposite the divided muscle. When one needle is passed 
through the conjunctiva and the superficial layers of the sclerotic, 
the tissue over it is tied by a single knot, then both needles are thrust 
through the commissure, from the conjanctival to the cutaneous side, 
and united on thelatter. The effect of the suture maybe varied consider- 
ably by passing the needles more or less deeply through the commis. 
sure, drawing the eyeball forcibly toward it, and tying the threads firmly 
on the skin after properly interposing a small piece of wood or rolled 


2 Te was formerly thought pomible to cure strabismus without an oparation, by the wm 
of nuch Iouchettes only. With our present knowledge of tho etiology of concomitant 
ateabionus, and of the movemont associated in tho deviations of an oye, wo se how 

this hope was, 

* ¥.Graelo, Kiin, Monatidl,, p. 225, 1869. 
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The effect of an advancement may be still forther increased by 
resecting a part of the tendon, This practice may become necessary 
in the case of an extreme strabismus or when examination of the 
field of fixation shows a weakness of the muscle to be advanced. 
‘We perform this resection in the following manner :— 

The muscle being taken up on the hook, its line of insertion is 
carefully noted. Then it is divided, at a greater or lesser distance, 
behind and parallel to the latter, in order to obtain a clean section. 
The part of the tendon atill attached to the sclerotic is then removed 
with the scissors. 

After the operation, the strabismus ought to be perfectly corrected. 
We then instil atropine into both eyes, to which we apply an anti- 
septic dressing. This treatment is renewed twice daily for about 
four days, Then the stitches are removed and the eye not operated 
upon may be left at liberty. It ia better to keep the bandage on 
‘the other for some days longer. The atropisation is continued and 
the correcting-glasses must be worn as soon as one eye is liberated. 
We continue this way for several weeks, unless the strabismus should 
prove to be a little over-corrected. 


Tt remains for us to speak of a method, of curing strabismus, 
which has been indicated especially with a view to avoiding an 
operation, but which likewise renders very great service as a com~ 
plement to surgical treatment. We refer to Oxriorrio TRATNINO. 

We know of what capital | importance binocular vision is for the 
maintenance of the normal direction of the lines of fixation, 

When once the exaggerated convergence is reduced by the effect 
of an operation, it is possible that the eyes will recotmmence to work 
together in a normal way, on condition, of course, that their correction 
is sufficient and that their visual acuteness and refraction are not too 
unequal. But wo obse the majority of such cages, a persistent 
abolition of binocular vision, ‘The person operated upon continues 

es, or else he projects them 


of the strabiemus: Wy mean: 8 of ‘orthoptis treatment, with the aid of 
stereoscopic exercise, ‘Thi t is bused on the following con- 


r causes of the strabismus in question: 

1. The depreciation o which suppresses the desire for 

binoenlar vision and the ni r for the normal direction of the eyes, 

2 The lack of equilibrium between convergence and accommo- 
dation. 
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(Fig. 129), for instance, one above and the other below the same hori- 
zontal line, These two lines, which may be brought toward, or re- 
moved farther from, each other at will, are placed at a reciprocal 


Fro, 129, 


distance, about equal to that between the eyes. Under euch circum- 
stances, their fusion into one single vertical line necessitates parallelism 
of the lines of fixation. Knowing that this parallelism is generally 
possible ouly in the absence o accommodative impulsion, we 
shall provide the patient’ , or the sight-holea of the stereoscope, 
with glasses, which permit him to see at the distance of the objects 
without any effort of his dynamic refraction. 

Ordinary stereoscopes being generally 166 millimetres es) long, 
emmetropic eyes require convex 6 to fulfil this condition, If we have 








ATYPIG HYPEROPIA, All 


the other. The stereoseope furnishes us an absohitely accurate test 
of the truth of the patient’s assertions. 

But let us return to the latter, whom we have left sufficiently 
trained to be able to see binocularly and single at a distance of 166 
millimetres, He is still armed with his spectacles of 4D, Would it 
not be possible to let him profit, now, by the relative laxity which 
exists in the relations between his convergence and accommodation ? 
Tn other words, could we not accustom him to accommodate more and 
converge less? To do this, we gradually diminish the strength of his 
correcting-glasses, so that, with a given amount of convergence, he 
‘will be obliged to associate a progressively greater effort of accommo- 
dation, Wo sometimes succeed, by this means, in disengaging a 
certain amount of accommodation, and doing away with the necessity 
for wearing glasses in low degrees of hyperopia. But the experiment 
will always be more or less hazardous, since, by forcing it a little, we 
might make the patient fall back into his former habit of exaggerated 
convergence, 

Indeed, the exercises which we have been discussing ought to be 
repeated, generally, for a very long time. Now, as years go by, the 
accommodation is declining; and by diminishing the strength of the 
convex glasses, we would impose upon this function an excessive 
effort. Moreover, from the moment the patient needs spectacles, it 
will be as well to let him have those from which he will derive the 
most benefit, as much from a point of view of ease in working, as 
from that of the the stability of the cure of his strabismus.’ 


Aryrtc Hyrrrort. 
Atypic Axial Hyperopia, H* 

Hyperopia is, as we have seen, associated with smallness of the 
ocular globe, notably with insufficiency in length of its axis. 

Axial hyperopia may be produced in still another way; thus, 
retro-bulbar tumours may exert such a pressure on the posterior pole 
that the region of the macula is pushed in front of the principal focus, 
and the eye thus becomes hyperopic. 

The same fact has been observed as a consequence of a partial 
detachment of the retina in the region of the macula, by tumours, sub- 
retinal extravasations, or any other cause capable of detaching the 
retina and pushing it forward. The nervous membrane of the eye, 
though displaced, sometimes retains its sensibility, and thus we see 


* Compare Landolt, article “Steablame" in the Dictionnaire Sayelop. dew Selencer 
Médicales, by Dechambro, p. 281. 
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Curvature-Hyperopia, TA. 


We have seen that, generally, the curvature of the cornea, in the 
hyperopic eye, is not below the average, that it is often even above it, 
aud that the form of the crystalline does not seem to vary much. 
Exceptionally, however, there have been found, in hyperopic eyes, 
adit of corneal curvature which were sufficiently great so that a 
part, if not the whole, of the ametropia might be ascribed to the 
relative flatness of the first refracting surface, These eyes may have 
the same length as the average emmetropic eye, notwithstanding 
their hyperopia, which is produced by the weakness of their dioptric 
system. 

When the contents of the ocular globe are subjected to a very 
high pressure, the form of the eye must, necessarily, approach that of 
a sphere, and the cornea will be more or less flattened. Thus is ex- 
plained the hyperopia or, at least, the diminution in static refraction, 
which is sometimes observable in glaucoma, 


‘Mauthner cites, in this connection, « very instructive observation.* The 
intra-ocular tonsion was very high, in consoquence of the swelling of a 
traumatic catarict. The radius of curvature of the cornea was 8:5 milli. 
metres, After the extraction of the cataractous masses, and the consecutive 
lowering of tension, the radius diminished in longth to 7°73 millimetres, 


Certain affections of the AX as keratomalacia, or central corneal 
ulcers, may bring about a notable | flattening ‘of this membrane md, 
consequently, 4 true curvature hyperopia, It must, however, be 
admitted that the morbid process almost always causes such an 
alteration of the corneal tissue that clear vision through the flattened 
portion is speedily abolished, Transparent facets of the cornea, 
capable of producing hyperopia, are extremely rare, 

As for the flattening of corystalline, which might likewise cause 
curvature hyperopia, we lack, as yet, any incontestable observations 
‘on this subject, 

The hyperopia which mani! itself in the course of a paralysis of 
accommodation, whethe itic or of whatever other nature, may 


which existed ‘before the f the disease, and masked, by 
increasing it, the true state of the refraction. We have already: 
seen how difficult optometry may be made by this spasm of accommo- 
dation, especially in young persons. We shall meet it again under 
the head of myopia, — 


* Mauthner, loc, olty pe 228. 
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becanse the eye may have been strongly myopic before losing its 
crystalline, The absence of the latter is established only if the eye 
sees better with strong convex glasses, the number 16 for instance. 
An eye possessing its entire optical apparatus would see much less 
under such circumstances, 

In aphakia the dioptric system of the eye finds itself reduced to 
the simplest possible form, é+., a single refractive surface, the cornea, 
The aqueous bumor and vitreous body, having a nearly identical index 
of refraction, may be regarded as forming only one single medium. 

The aphakic eye is thus directly comparable with the reduced 
normal eye, which was described on p, 98 ef seq. It has the same 
length a3 the normal eye, but the curvature of its cornea is much 
weaker than that of the refractive surface, which, in the reduced em- 
‘metropi¢ eye, represents the dioptric action of the entire refractive 
apparatus. That is the reason why hyperopia from aphakia may be 
regarded a8 curvature-hyperopia. 

‘The nodal point of the aphakie eye corresponds with the centre of 
curvature of its cornea. It advances considerably when the high 
degree of hyperopia is corrected by means of strong convex glasses, 
which are, necessarily, placed at a certain distance from the cornea. 
Hence it is that these eyes receive very large retinal images, not only 
much larger than if they could adapt themselves by means of their 
own dioptric system (which would again make the images equal to 
those of the normal eye), but much greater than those of axial hyper- 
opes of the same degree, corrected under the same circumstances, 

The removal of the crystalline entails, for the eye, not only the 
Joas of a considerable portion of its static refraction, but also deprives 
it entirely of its dynamic refraction, accommodation being a function 
of the erystalline, Hence the aphakic eye can see clearly only at the 
distance for which it is adapted by the length of its axis and the 
curvature of its cornea, with or without the aid of spectacle-glasses. 

But, since aphakia produces, gencrally, a very high dogree of 
hyperopia, the correcting-glasses are very strong, and the least change 
of distance between them and the eye determines a notable alteration 
in their refractive action. ‘Thus, a hyperope who is corrected for in- 
finity by the convex 13, placed 1 centimetre from the cornea, would 
need only to carry this glass 15 millimetres farther away, and it 
would act like a convex 16 and adapt him for 35 centimetres. 

Variations in the distance of the correcting-glass can, therefore, 
up to a certain point, supply the place of the accommodation, the 
hand, in this case, assuming the réle of the ciliary muscle, Let us 
hasten to say, however, that the patient is never given a single 
correcting-glass. We should always give one for distant, and one for 


i 
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The came attention is demanded with respect to the direction of 
the line of fixation relatively to the plane of the glass. We frequently 
hear patients who have undergone cataract operations complain of not 
being able to go up and down stairs. This is simply because, when 
looking obliquely through their glasses, they see the steps displaced. 

Hence it is a poor-plan to give a person who is aphakic in one 
eye, spectacles containing one glass for distant vision, the other to be 
used for near work, and the pair intended to be turned around the 
antero-posterior axis. In this way both glasses can never have a 
proper position in front of the eye. The mountings made by the 
optician Hunter, according to Dr. Noyes’ directions, are far prefor- 
able+ They, too, contain the two glasses for the same eye, but, to 
change them, they are turned about the vertical axis, so that the 
bridge always occupies the game position on the nose. This move- 
mont is rendered possible by a hinge which permits the temple-piccos 
to be turned forward as well as backward, 

But we must stop without having exhansted the series of resources 
that an aphakic person possesses in his spectacles, for the correction 
of his defect, provided he possesses also the necessary intelligence, 
willingness and patience, Unfortunately these qualities are too often 
lacking in many who consult us—so wrongly called patients. And 
these advantages even frequently become a source of interminable 
annoyance to the operator who has been successful in the extraction 
of the cataract. My satisfaction is always mingled with great appre- 
hension when I see come back to me a fine black pupil which I have 
delivered of its thick veil; the cataract, removed from the eye, too 
often is changed into a torrent of complaints against the operator. 
And we much oftener see # look of gratitude in the empty orbit of him 
who has suffered an enucleation, than in the quondam cataractous eye, 
to which we have restored its sight. Enucleation simplities so many 
things, Aphakic vision is so complicated. At the very moment when 
I am writing these lines, I receive a visit (how many times have I 
hod this pleasure during the last seven years) from a lady upon whom 
I operated for a cataract. With a combination of the spherical and 
cylinder, she has a visual ncutenoss of 1-5, markedly exceoding, there- 
fore, the normal, the highest that I have ever met with after cataract 
extraction. 

But there are always new recriminations:— Doctor, I can't tell 
the time by the clock, and 1 't recognise any one coming in, when 


2 Dr, Noyes, “Improvements in Spectacle Frames” (Transactions of the American 
Ophthalmolegient Society, p. 350, 1375), The same optician (Hunter) has sought to avoid 
‘the inconveniences of the spherical aberration of strong convex lenses, by superposing 
two plano-oonvex glumes by their curved surfaces, 
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Tn this way has been explained the hyperopia which is sometimes 
seen to develop itself in the course of diabetes, 


We have observed, among others, a most interesting cuse of this kind, 
A lady had o fall and became diabetic a9 a consequence of this traumatiam, 
although her general condition was not much affected by it, At the ame 
time she commenced to no longer see well at a distance, and found the 
spectacles, that ehe had previously worn on secount of har presbyopia, to bo 
insufficient. Tho refraction could be determined, in this case, with the 
utmost accuracy, nob only because the patient was very intelligent, bat 
because ehe had reachod an ngo ot which the accommodation ia almost nif, 
I mado out a hyperopia of 0-5 D, which certainly had not previously 
oxisted. It increased and then diminished according to tho amount of sugar 
exototed, and finally disappeared entirely. So that, when this traumatic 
diabetes was cured, the patient could dispense with her distancespectacles, 
and eubstitute, when reading, her formar spoctacloa for the stronger glasses 
which she had been obliged to resort to. I have seen the patient for several 
years, and it has been extremely interesting to note that each little recurrence 
of diubetes has announced iteslf at once by a diminution of refraction, to 
such a point that the curve of hyperopia was, so to say, parallel with that of 
‘the quantity of sugar eliminated with the urine, 

Although direct proofs are wanting, it seems more natural to explain 
theae rapid variations, in the refraction of the eye, by an increase of the 
index of refraction of the vitreous body, saturated with glucose, than 
by changes in the volume of the eyeball, which could hardly be pro- 
duced with such promptness. 


MYOPIA. 


Let us again, first of all, recall our definition of this form of 
ametropia, page 125; Myopia is present whenever the retina is situated 
behind the focus of the dioptric system of the eye. 

Very numerous measurements of the eurvature of the cornea have 
demonstrated that this surface, the most important of the dioptric 
system of the eye, is not more convex, but that it is often even less so, 
in myopes than in the normal eye. 

‘The crystalline and its indices of refraction do not seem to differ 
much, either, in this form of ametropia, from those of emmetropia and 


a. 

Myopin is, therefore, in the great majority of cases, attributable to 
an elongation of the optic axis. The excess in length of the myopic eye 
is, moreover, striking in high degrees, and sullices to explain the latter 
without the intervention of an alteration in the optic apparatus. If 
the hyperopic eye is too short, the myopic eye would, therefore, be too 
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the like, civilisation began to dawn, it required of the eye, hitherto 
employed exclusively in seeing wfur off, a much more circumstantial 
work at a short distance. Long before it became question of read- 
ing or writing, men were given to the manufacture of textile fabrics, 
for example, and to a thousand other occupations which necessitate 
distinct and continued vision of near objects. Is it matter for surprise 
that Nature, which has known so well how to modify the form and 
functions of our bodies according to the exigencies of the race, should 
have attempted to do something analogous for the eye, by clongating 
it somewhat, in order to render it better qualified to fulfil its new 
destination? I mean to say, in a general way: The tendency to 
myopia may be regarded as a phenomenon of adaptation to the 
exigencies of the development of the species, 

‘The eye, however, never being exclusively applied to work at a 
short distance, nor even the greater part of the time, nor by all the 
individuals of the same nation, it is not astonishing that the myopic 
conformation has nowhere become the rule and probably never will. 

This way of thinking is, moreover, confirmed by the analogy 
which is frequently met with, between the conformation of the 
myopic eye and that of the cranium in one of whose cavities it is 
contained. Dolicocephaly, the very pronounced development of the 
bones of the face, of the root of the nose and the surroundings of 
the orbit, and especially the depth of the latter, have very often been 
pointed out as accompanying typical myopia. These facts seem to 
indicate Nature's intention to create a myopic type, in view of which 
not only the eye, but also the cranium itself is modified. 

Although we may regard the myopic type as instituted in the interest 
of intellectual progress, as consecutive to civilisation, it would be wrong 
to suppose the development of the myopic eye to be more nearly 
perfect than that of the emmetropic, that its refractive surfaces were 
more regular or better centered, the accommodation more rigorous, the 
retina more sensitive or the motor apparatus at once more powerful 
and more supple. 

No, the avenge emmetropic eye is not yet surpassed in ita work- 
ings by the average myopic eye. Those of the latter kind always 
bear the imprint of a forced evolution. They are the type of hyper- 
trophy, rather than of perfection. Although this hypertrophy is of 
service to them under certain circumstances, they are not, on the 
whole, superior to emmetropic eyes. But there oxista, nevertheless, a 
TYPICAL MyortsA, which, like typical hyperopia, is met with in 
absolutely normal eyes. 

Low degrees of this form of myopia are hardly distinguishable, 
externally, from emmetropin. However, eyes affected by a myopia 
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find convergence defective. A tendency to divergence manifests itself 
whenever the eyes are not attentively directed toward the object of 
fixation, ‘This tendency becomes more and more difficult to overcome. 
Divergence, at first latent, or manifest only for a very short distance, 
becomes absolute and shows itself for all distances. ‘The divergent 
strabismus, which before existed only in posse, now heeomes an estab- 
lished fact. Thus it is that myopia, of itself, without other alter- 
ation of the eye—fypical myopia—may become a cause of asthenopia 
and destroy the harmony in the simultaneous working of both eyes, 
Let us remark, in fact, that this tendency to divergence, which has 
‘been improperly confounded with insufficiency of the internal recti 
muscles, may be brought about simply by a discord between accom- 
modation and convergence, in spite of the perfectly normal condition 
of the motor apparatus of each eye. We have, indeed, found, in 
myopes of this kind, that their field of fixation is as extended, and 
of the same form, as in emmetropes.* 

One may easily perceive this virtual divergence when the myope is 
made to fix some small object, such as a letter or the point of a 
needle, As soon as the eye is excluded from vision, it turns more or 
Jess outward from its primitive position, diminishing its convergence 
or even diverging absolutely. It is not necessary, for this purpose, to 
cover the eye entirely, It suffices that the objeet be hidden from it 
by the interposition of the hand ora small sereen. Tn this way one 
has also the advantage of being able to watch directly the position of 
the eye. As soon as the diaphragm is taken away, the eye resumes its 
normal direction, at least in the lower degrees, and when the patient 
is required to look at the object. 

On the contrary, when the tendency to binocular vision has already 
been given up, the eye persists in its vicious direction, because the 
diplopia, which must necesearily be produced, no longer troubles the 
myope, sines he has learned to ignore the retinal impression of one 
or the other eye. In order to obtain binocular fixation, the object 
must, in this case, be carried farther away, toa distance at which 
fixation is accomplished with greater facility. By bringing it gradually 
nearer, along the median line, binocular vision, thus re-established, 
may be maintained until the object is very near the eyea 

When first one, and then the other eye is euccessively covered and 
uncovered, the phenomenon is produced alternately in each of them, 
and the straightening movement which they execute, in directing them- 
selves toward the object, resembles perfectly that of true strabismus. 
When the observer commences by covering one eye, and then causes 


* Landolt, “Les mouvements des yeux et leurs snomalios,” Arch, dOpAt,, L, p 580, 
1381. 











TYPICAL MYOPIA. 425 


nt a distance, the difficulties of binocular vision at a short distance, 
the asthenopia or the divergent strabismus which may result from it, 
are, therefore, the principal inherent disadvantages of typical myopia 
of medium di 

‘The visual troubles are, necessarily, more pronounced in the hiyh 
degrees of myopia, Concave glasses are indispensable, even for work 
at moderate distances, us, for instance, playing the piano, painting, 
writing, &e, Binocular vision is very rare, often impossible, and 
divergent stbismus is the rule. 

Indeed, to the destruction of the equilibrium between the functions 
essential to binocular vision, is joined, in these cases, still another 
cause of divergence: this is the shape, itself, of the eye. In order to 
realise a high degree of myopia, the eye must be notably elongated ; 
but this ectasis does not limit itself solely to the posterior pole of the 
‘eye; the entire globe participates in it, 

‘The strongly myopic eye strikes one at first sight by ita form, It 
is voluminous, even enormous, especially in its antero-posterior 
dimension, It affects the form of an ellipsoid of revolution, When 
the lids are separated and pushed back, and the eye is caused to look 
toward the nose, the observer notices at once, that the equatorial 
region presents a much less curvature than the poles—just the reverse 
of the hyperopic eye—and that the eyeball seems to be hindered in 
its excursions, This form and length of the eyeball have, in fact, an 
unfavourable influence upon its movements. The field of fixation is 
Jess extended than that of the emmetrope, or, especially, that of the 

and so mobile eye of the hyperope of low degree, But it is 
limited at the inner, nasal side. This is quite natural: the 
‘ellipsoid formed by the myopic eye is necessarily placed with its major 
axis parallel with that of the orbit. The axes of the orbits diverging 
markedly, the eyes diverge likewise, and can change this position only 
with difficulty, There is all the more reason why they should never 
realiso such a convergence as is demanded by the proximity of the 
punctum remotum of these strongly myopic eyes. Finally, the 
uselos themselves seem to Inck strength and “grip” on the 
eye, us if, by an excess of tension, they had lost their elasticity 
and contractile power, 

The extreme cnses of ectasis of the globe and myopia do not, 
moreover, belong to the typical form that we have been considering. 
They are almost always accompanied by so profound and multiple 
alterations in the organ that the ametropia represents only a secondary 
symptom in the ensemble of this morbid condition. 

Indeed, besides this typical myopia, there exista a form of atypic 
myopia almost as common as the former, but immoderate in its de~ 
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In the highest degrees of this myopia, these phenomena are much 
more marked. The hyperwmia may be accompanied by exudation. 





Fis. 181, 


‘Funds of a normal eyo; the Leinie being surrounded by its clear averetie, 
and ite pigmented choroidal ring. ‘Tho macula is woon ax m dark oval, Limited by 
‘light outline, the fovea centralis ax « brownish-dark spot in ite contre, 








‘The outline of the papilla becomes indistinct, Tater, the hyperemia 
and the inflammatory symptoms generally disappear, leaving, as a 
trace of their passage, the external half, or even the entire papilla par- 
tially atrophied, The extent of the crescent increases and sometimes 
entirely surrounds the papilla, like a ring, But the latter extends 
especially towards the posterior pole, where it becomes frequently 
confused with a white patch of pigmentary and choroidal atrophy. 
Notable alterations in the pigmentated membranes of the fundus 
oouli are added, in fact, to those of the papilla, The epithelial layer 
is the one that first loses ite pigment, ite nuclei and even its cells in 
the vicinity of the optic nerve, but especially over an extent which 
may reach from the posterior pole to the equator. So that this por- 
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tion of the fundus looks all white, and choroidal vessels are here seen 
through the epithelial layer deprived of its pigment (Fig, 132). 





Fro, 132. 


‘Fundus of a strongly myopic eyo of the malignant type. Deep ataphy> 
Joma ; choroiditis, expecially of the posterior polo ; large white atrophic 
pistes) Mack spot of secumalated pigment ; smaller and larger hemor 
ayes; & very large one in the maculs ; the clear halo which Lisuite the 
Iiemorrhage indicates that the resorption of the blood is beginning, 





The latter accumulates, on the contrary, at the macula, where it 
forms a dark patch, which increases in extent and in intensity. 
Frequently hiemorrhages are added to this, and make it appear us if 
swimming in a pool of blood. Later, the extravasation is resorbed ; the 
dark patch may clear up at its centre, in a stage of atrophy, and leave 
only a blackish ring surrounding a few scattered particles of pigment. 
The posterior polar region of the eye whitens more and more in con- 
sequence of the disappearance of its colouring matter. It becomes 
ectasic, and forms what has been called, since Scarpa's? time, & pose 


* Scarpa, Trutiato delle prineipall malastie degli oeehi, ¥. iL, p. 146, 1856, 
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terior staphyloma—a sort of bulging projection, which adds itself to 
the eyeball, already generally hyperplastic, to the outer side of the 
optic nerve. 

The latter is drawn, in part at least, into the staphyloma, The 
papilla turns itself more and more toward the temporal side, and, as 
we shall gece, its fibres, with their closely associated envelope, seem 
torn from the external sheath of the nerve. 





Fio, 133.—Schomtle section of @ strongly myopic left eye, seen from abown. 





‘The choroid opposite this ectasia becomes thinned, the vessela of 
the chorio-capillaris atrophy, and those of the stroma, enlanged in 
places at the beginning and giving rise to exudations, become smallor 
and smaller and may bo even entirely obliterated. 

The sclerotic, especially at the location of the staphyloma, shows 
itself very thin, to such a point that it becomes tmimsparent and that 
the contents of the globe are visible through this membrane, as in 
the protuberant ectasis sometimes met with in the ciliary region 
as a consequence of chronic irido-cyclitis, Its tise is profoundly 
altered in its stracture : its fibres appear separated, distended and 
stretched, 

The above-considered alterations in the envelopes of the eye may 
extend far forward toward the equator, Even the ciliary muscle 
ts its participation in the morbid process—at least i pro- 
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nounced cases. It appears elongated in the direction of the optic 
axis ; its ciroular fibres are Jacking or are only fecbly represented.* 

The vitreous body, more or less liquefied, contains cloments which 
are derived from the choroid or retina, It is separated from the latter 
over a considerable extent, opposite the staphyloma, ‘The space thus 
formed is traversed hy membninous septa, is excessively thin and 
partially perforated, and filled with a lymphoid liquid? Similar 
cavities are likewise found in other parts of the vitreous body and 
seem to be in communication with the lymphatic space claimed, by 
Henle and Merkel, to exist between the internal limiting membrane 
and the layer of nervous fibres of the retina. 

The nutrition of the crystalline may suffer. The anterior and 
posterior poles become dimmed and the microscope reveals, under a 
thin layer of crystalline fibres, round globules which seem due to tho 
coagulation of a homogeneous mass,° Even the suspensory ligament 
of the crystalline, the zone of Zinn, seems partially atrophied. 

We shall not go farther into the pathological anatomy of the 
myopic eye. It has been the subject of many publications since 
Donders gave his classical description of it, a3 long ago as in 1864.* 
But there is one point upon which we must be permitted to dwell 
more in detail, because it is peculiarly adapted to clear up the mode 
of production of myopia. This is the condition of the optic nerve and 
its anatomical relations. 

E. von Jaeger* was the first to observe that the ophthalmoscopic 
appearance of the papilla in the myopic eye, such as we have just 
sketched it, was due especially to a sort of stretching, in the direction 
of the posterior pole, which the nerve and retina undergo. Micro- 
scopical investigation, undertaken by Weiss at Nagel's instigation, has 
confirmed Jaeger’s opinion and given it a very peculiar importance, 
‘The following are the facts as they result from the minute study of 
several oyes affected with weak and strong myopia.® 

‘The intm-bulbar portion of the optic nerve has not only assumed 
an oblique position; it seems also to have been subjected to a trac- 


+ Soo (Fig. 60) the ciliary muscle of » myope, after Iwanoff, and compare it with that 

cf the arn tins Reppert st tle ia ip ltt 
‘Duke Charles Theodore, Arch, f. OpMiny xxv. ii, p. 11}, 1879. Leber, Oplithaimo- 
bylake Geadllachaft. Heidelterg. Bericht, p. 18, 1882. Wels, Mitsheilungen aus der 
Klinik in Tubingen, pp. 100-10}, 

ae batts ageeraenon ‘This alteration seems to us to be identical with 
that which wo mado out, dororibed and figured in an article on pigmontary retinitis 
(Landolt, Are, f- Ophth., xviii., p. 25, 1872, and Ann. deal, 1872). 

* Donders, foe. olt., p. 367. 

* KR von Jaeger, Ueber dir Binstellung dex dioptriachen Apparates dex menscllichen & 
Auger, Vieuna, 1861, Mauthner, foe. eft, po 436, 

© Weim, fue. cit., pp» 67-69, 78-89, and 82-88, 
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‘To what, shall we attribute these deformities? To the fact that 
the lamina eribrosa, which constitutes the suppart of the papilla, is 


Wo borrow th from the work of Nagel nnd Wolsk It is the entranoe of the 
nerve uf a ef) eye ann from above, Tn the portion of the nerve 


‘twice, to pam around the ianer edge of af the ch 
‘down as a corner in the optic nerve, 


not composed solely of scleral fibres, but also of supports given off 
from the superficial and deep layers of the chorid, ‘Theso supports 
place in close dependence the tissues of the papilla and choroid; they 
prevent the continuity of this membrane being, in reality, broken by 
the passage of the optic nerve through it, so that, if the choroid 
undergoes a sliding movement toward the posterior pole of the eye, 
it executes this movement as a whole, The entire choroidal orifice 
is displaced and tends to dmg the papilla with it; but this, fixed as 
it is by its choroid connections, yields only in part; and is penetrated 
by the sharp internal edge of the choroid. Its reaistance ia such 
that, at its outer side, we observe the rupture of the deep choroidal 
supports which go to make up the lamina eribrosa. 

‘The same alterations are prodaced in strong myopia; only, in this 
case, there is added a broadening of the chorcidal ring, due to partial 

28 
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In order, then, to understand the production of myopia, we have, 
in the first place, to find the eauses capable of diminishing the 
resistance, especially that of the posterior pole. 

The first idea which presents itself is, necessarily, to ascertain 
what connection there may be between the ectasis of the globe and 
the changes, in the membranes, which we have just been considering, 
The latter are, evidently, of a congestive or inflammatory nature. 
They always consist, essentially, of a choroiditis, which may attain 
more or Jess advanced degrees, from a simple hyperemia up to 
alterations which are nob second in importance even to those of 
choroiditis disseminate, Tt ia an inflammation which may localise 
itself in a limited region of the fundus oculi, or may extend to the 
entire uveal tract, and which above all may affect the contiguous and 
adjacent membranes, the retina and sclerotic, and even other tissues 
of the visual organ. But is thie choroiditis the effect or the cause of 
the ectasie of the globe? 

There is no doubt that, if the sclerotic is primitively attenuated, 
it will not only yield to the intra-ocular tension, but will no longer 
properly protect the inner membranes of the globe. The choroid, 
deprived of its natural support, and subjected to distention by the 
contents of the eyeball, will suffer in ite nutrition. The mechanical 
conditions will become favourable to its inflammation. Circulatory 
changes will soon be the consequence of its ectasis; a stasis of blood 
in these posterior regions will bring about an increase of intra-ocular 
pressure; and finally the anatomical elements of this membrane will 
respond, by phlogosis, to their constant stretching. 

Hence a congenital weakness of the sclerotic, at the posterior pole, 
has been admitted; a weakening which is accidental or consecutive, 
either to an arrest of development,—imperfect closure of Ammon’s 
fissure,’ fumiculus selerotice of Hannover ;?—or to the separation of 


* Von Ammon (Arch. f. Ophth, iv, i, py 1, 1858) advanoos the propoxition that the 
selorotic, during the first fatal epoch, prosents, below, an opening, a pyriform fiseure, 
whore broader extremity is toward the optic nerve, while the emaller extremity is 
directed forward, A$ the timo when this fisuro becomes closed, the globe in auppored 
tw execute w movement of rotation from within outward, and Wo retain, for some tie, on 
‘the ovter side of its posterior pola, a protuberance eoveré) by a thin membrane which 
cloves the selorotic fissure. 

* Tho funioulua seleretion, discovered by Hannover (Copenhagen, 1876), presents 
‘iteelf 1» a filiform cord planted obliquely ix the posterior poll of the eye, in the region of 
the fovea centroti, ‘The wuterior, or interual, extremity is attached to the choroid, The 
‘oxtarnal extremity spreads out at the wurfaca of the sclerotic. Both thew extecmitio 
are broadened out in the form of membranes, 80 that the sclerotic may be rendered thin 
at thin point, Tho whole space included between the optic nerve aud the macula, and. 
even beyond this, may provent a furrow, and the sclerotic may be open along the whole 
extent of the fortal fleure, 

Rothbols (Arch, f, Ophth,, xxvii, % p. 45, 1861) thinks, from examinations of pign’ 
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The choroiditis is communicated, on the other hand, to the optic 
nerve and retina, which always participate in the inflammation of the 
vascular membrane, whether this be followed by myopia or not, 

Exudations and hemorrhages, which are produced in the retina, 
under thie membrane, and in the vitreous body, and which may give 
rise to all sorts of visual troubles—to detachment of the retina and 
liquefaction of the vitreous body, alterations in the crystalline and ita 
suspensory ligament, in short, all the objective symptoms that we 
have above cited, and all the subjective symptoms with which we 
shall hereafter become acquainted—find their natural explanation in an 
inflammation of the nutritive membrane of the eye. Asa matter of 
fact, neither the ophthalmoscope nor the microscope reveal any dif- 
ference between the choroiditis of progressive myopia and that of any 
other kind, unless it be that the former occupies by preference the 
posterior pole of the eye, 

Not only are all the symptoms of pernicious myopia and the 
softening of the sclerotic perfectly explained in this way, bub, too, 
the progression of the ectasis and, consequently, that of the myopia 
offer nothing that is not perfectly natural. Indeed, the exudation 
furnished by the choroid must contribute to increase the intra-ocular 
tension, to which the sclerotic yields where it is least resistant, t., 
at the posterior polo, in the case of a posterior polar choroiditis, ar poste 
rior sclerotico-choroiditis, es it has been called since Graefe’s time. There 
is, moreover, no doubt that a choroiditis may become the direct cause 
of myopia. With regard to this, we cite a very conclusive observation 
of Schoolers :* 

An emmetrope nineteen yeare old acquires a myopia of 6:5D in four 
weeks, as a result of acute posterior sclerotico-choroiditis, His viewal acute- 
noss diminishos to }4 and 34, With the cure of the inflammation, acuto- 
ness of vision becomes normal again, but a myopia of 87 D persista in one 
of his eyes, and a myopia of 8 D in the other. 


It might, however, be asked why the posterior pole so often bo- | 
comes the seat of morbid changes. The answer to this does not seem 
to be difficult to find. The posterior pole of the cye is almost con- 
stantly exposed to light, and possesses a preponderant importance in 
vision, Being the most active and the most fatigued, it must like- 
wise be the most threatened, and its membranes will easily become 
inflamed if they be charged with excessive work or if, as sometimes 
happens, thoy present the least morbid disposition, 

It should not be forgotten that the act of vision, indecd, although 
still a secret to us, necessarily implies physiological work, and a con- 


* Scheer, Dewtache Klinik, pe 1, 1874, 
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comprised between the optic nerve and the point where the external 
rectus enters into contact with the eyeball (Fig. 133), 

Ectasis of the posterior pole of the eye will scem still less sur- 
prising when we recall the fact that this part is not protected, like 
the rest of the globe, by Tenon's capsule and by the muscles which 
envelop it, The pressure exerted by the muscles upon the eyeball 
can be directly perceived by delicately palpating a strongly myopic 
eye. It feels slightly flattened in the portions corresponding to the 
recti muscles, 

It cannot be objected to this way of thinking, that intra-ocular 
tension is not generally exaggerated in myopes, It is not necessury 
that it should be, in order to produce ectasis of a sclerotic whose 
resistance is already diminished ; and if the hardness of a myopic eye 
is not perceptible on palpation, it is for this very reason, that its 
envelope has already yielded to the pressure of its contents. Neither 
can it be suid that we are in disagreement with the nsual chameter- 
istic facts of increase of intra-ocular tension: the papillary excavation, 
among others, which, in glaucoma, is not accompanied by elongation 
of the optic axis. It must be borne in mind, indeed, that glaucoma 
arises under quite other circumstances and in conditions of resistance 
of the sclerotic which are entirely different, as they present them- 
selves in eyes that are generally hyperopic and at a more or less 
advanced age. We may well suppose, with Professor Laqueur, that 
the effects of an increase of intra-ocular tension are different in the 
various periods of life; that, in infancy and youth, it producos a 
distention of the sclerotic and, when the latter has become rigid with 
age, a pushing back of the lamina cribrosa—that is to say, a glau- 
comatous excavation of the papilla. 

Each of the hypotheses that we have mentioned, concerning the 
production of malignant myopia, has been im turn attacked as 
inadequate, but not one of them has been entirely overthrown, All 
have remained standing beside the adversaries that they have seen 
raised against them. It is more than probable, in fact, that multiple 
causes contribute to beget this form of ametropia. It is even possible 
that their rdles become inverted among themselves, that one begets 
the other or takes its rise from it, as we have seen in the case of 
posterior polar choroiditis and lack of resistance of the sclerotic. It 
is also more than possible that, to these known causes, there are 
added still others which have escaped us up to this time, and which 
will give a more satiefactory explanation, of the production of myopia, 
than that which we possess. 

However this may be, clinieal observation confirms our way of 
thinking, by proving that all circumstances capable of diminishing the 
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Per-centage proportion of Myopes according to School-Classes or Age. 
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This fact is especially evident from numerous statistics gathered 
in noarly all civilised countries, and which already extend to more 
than 70,000 individuals. The higher one goes in the classes in schools, 
the more frequent is myopia and the higher are its degrees. The fore- 
going table shows the results of observations in different countries. 

The statistics of examinations that havo been repeated from year 
to year, on the same persons, are still more instructive than those 
already mentioned. 

‘The reader may compare, in this connection, the following statistics, 
which we borrow from Cohn,* von Reuss,’ H. Derby," Segyel,™ 
Beet Erismann’*:— 

_*) Frismann, Arch. f- greek nas p. 1, 1871. 
_——® Koppe, Dorpat Thesis, 187 
PHigor, Arch. f. Opt, wa, 6p eam 
+ Florschiite, Die Kursrichtigheit in den Coburyer Schulen, Coburg, 1880. 
oO ee Ae ee omnis Lae eS 
“$ Loting, Internat. mat. Congress, Philadelphia, 187) 
— {2 Nordensom, Ann. oeuk., p. 110, March 1883, 
* Cohn, Annwal Report of the Feiedrichs-Gymnasium at Breslau, 1877, 
fo fetmee Es! Ophth, xoxkin 1, ps B11, 1876, and Hygiene dea Auger, p. 64, 
1 
.0 HE Derby, Boston Medical and Suryicat Journal, p. 337, 1877, 
" vriotat en vi 5 and 18, 1873, 
Ott, Correspondensbl. f. fia dee on, 
uh * Balahi ee ee Cris a3 ‘908, 1883, 
der Hygiene, &c,, . Pottenkoler u. Zheusson, i, 2, p. 10, 1882 
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14 per cent. of the hyperopes became myvpic. Of the cases of emme- 
tropia which changed into myopia, in only two did the latter reach a dogroc 
of 25D, 

‘The myopes, on the contrary, had this anomaly increase, in six years, 
from 275 (maximum) to 5-3 and 6 D, 


7.—Eviemann's Statistic. 

‘This author again examined, in 1876, 950 eyws whose refraction he had.) ~~ 
alrondy determined six youre before In 23 por cont, of the casos the | Wt 
refraction had not changed, 

In 67 por cont, it had increased.” 
Hyperopia had diminishod in 7 por cent. of the cases, ¢ 
ne had changed into emmotropia in 8 per. cent.Y 

o 9 myopia inlS 4 
Ccaten ” ” ” inl6 » 
Myopia hadincrased .  .  . | in OB yg 
Refraction had diminished in 9 per cent. of the eyes 
Hyperopia had increased in 3 per cont, 
Emmetropia had changed into hyperopia in 5 per cent, 
Myopia had diminished in 0-5 por cent, 
Myopia had changed into emmetropia in 05 por cont. 

‘This came writer vory justly calle.attention to the fact that the fow casos 
of diminution of refraction are attributable to the disappearance of an accom- 
modative spasm, which, before, had made the refractive power appear greater 
than it really was, 

The sume facts result from all these statisties—that is to say, that 
among young people refraction has a tendency to increase as they grow 
older, but that this tendency is not only more general, but also more 
pronounced, in the cave of myopes than with those of any other refractive 
condition. 

At the same time that the number of myopes is increasing, that 
of hyperopes diminishes. That of emmetropes is difficult to estimate, 
because writers vary considerably in their definitions of emmetropin. 
Some hold strictly to the classical definition, and, as a natural conse~ 
quence, find very few emmetropes; others extend the limits to one 
or even several dioptries above and below zero, and, naturally, meet 
with many more normal eyes, 

‘This, however, is a matter of little importance. The fact is, that 
static refraction increases in a great number of eyes during childhood. 
After this period it remains nearly stationary, not only for hyperopes 
and emmetropes, but also for a great many myopes. The examination 
of adults has nowhere given a number of myopes greater than that 
found in the higher classes in school, bub we find higher degrees of 
myopia, 
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changes are frequently met with among debilitated people, and among 
the populations who, inhabitating infertile countries, haye always 
lived under unfavourable conditions or have had to maintain a par- 
ticularly hard struggle for existence. Thus it is that the most 
characteristic specimens and the highest degrees of malignant myopia 
are often met with among peasants, and in the midst of illiterate 
people, who expose their eyes to none of the injurious causes, of which 
we shall hereafter speak as being capable of leading to myopia.? 

We are thus able to understand that myopia may become endemic, 
and the disposition to acquire it hereditary, because the constitution 
may be transmitted from father to son, 

It is, however, possible for this disposition to exist without becom- 
ing apparent. But it will show itself as soon as determining circum- 
stancea join themselves to the conditional causes, 

As to the compression of the globe, and the stretching of the 
optic nerve, it must be produced especially during convergence. It 
will be more energetic in proportion as the convergence is stronger 
or more sustained,—that is to say, the more the external rectus 
encircles the eyeball,—and as the optic nerve is shorter. The insertion 
of the externus nearer to the cornea, or an angle gamma, which is 
very small or even negative, will act in the same way. In this last 
case, the line of fixation passing outside of the axis of the eye, 
binocular vision requires a more extended rotation of the eyeball 
inward, and, consequently, exposes the latter more to the pressure of 
the external rectus, 

Let us say, before going further, that aceurate data concerning the 
muscular insertion, and the length of the optic nerve, relative to the 
refraction of eyes, are still lacking, but that Donders’ measurements, 
and those of other observers, prove that, generally, the angle gamma 
is amaller in myopic eyes than in others, and is gometimes even nil 
or negative. 

Our own experinents,* like those of Dobrowolsky,® relative to 
the distance between the fovea ceatralis and the optic pmpilla, are in 
accord with this fact discovered by Donders ; they indicate an approach 
of these two points toward each other, in the myopic eye, 

A still more potent cause, capable of increasing the degree of 
muscular pressure during convergence, ought to be found in the distance 

the eyes* The angle of convergence, for a given point, is 
necessarily greater for each eye, in proportion as the centres of 
+ Landolt, On Myopia,” London Ophth. Morp. Report, Doc. 1874. 
® Landolt, Annalé di Ottalmologia, i., 1, January 1872, 
© Dobrowolsky, Alin. Monatesl, and Ann Wocul., December 1871, 
* Maunhardt, Klin, MonateW, p. 425, 1875 ; Arch. f. Opheh., xvil,, p, €9, 1871, 
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Eyes thus deviating from the normal myopic type are not at all 
rare. They seem to indicate that the dolicocephalic form of the orbit 
may sometimes also represent the germ of malignant myopia, Tt 
may be that an eye, originally ellipsoidal, is disposed to posterior 
ectasis, for the reasons given above; or,in its endeavour to adapt itself 
to the development of the half of the face and the orbit, it may meet 
with obstructions which it can overcome only by the suerifice of its 
normal structure, as, for instance, the traction exerted upon the 
posterior pole, by a relatively short optic nerve, Or, the peculiar 
form of the orbit may be associated with such an insertion of the 
muscles as predisposes to the myopic development of the eyeball. 
Moreover, these cases of malignant myopia with dolicocephaly show 
that, if choroiditis may become the cause of ectasis of the globe, the 
former may also often be the consequence of the latter, 

However this may be, we know, up to tho present time, two 
principal factors which may give rise to myopia: disturbances of nu- 
trition of the membranes of the eye, and the conformation of the cranium, 
These two factors may be combined. Now both of them are 
eminently hereditary, We have already shown this in respect to the 
first, and nobody will deny it with regard to the second, 

1f, therefore, it is possible that typical myopia is transmitted from 
generation to generation, without, however, being constantly and in- 
evitably reproduced, for the reason given on p. 421, the disposition to 
malignant myopia is no Jess hereditary. But it is not necessary that 
it should be developed. The individual may escape it, thanks to an 
exceptionally fortunate constitution, and especially when the deter- 
mining circumstances are wanting. 

If we consider the relationship of typical and progressive myopia, 
it will not be astonishing either, if, among the descendants of a family 
or tribe of typical myopes, a case of malignant myopia is occasionally 
met with, 

From the point of view of heredity, we may, therefore, distinguish 
the following forms of myopia: 

1. Hereditary and congenital myopia. 

2. Myopia which is hereditary aa ane the disposition, bub 
acquired in consequence of circumstances which promote its pro- 
duction. 

If we admit that, as is doubtless the case, an individual may pre- 
sent, spontaneously and without heredity, the physical peculiarities of 
which myopia is the consequence, we shall have— 

3. A congenital, non-hereditary myopia. 

Finally, a second form of non-hereditary myopia is that which we 
have seen produced as a consequence of affections of the membranes 
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Seggel,* in examining 1600 soldiers, found : 


Among the pensants, .  , , « 2 per cent. of myopes. 
” day-laboures, 6 2 1 4g + 
» mechanics, Gee ” 
o merchants, printers, &e. =. 4d, ” 
»  oneyour volunteers, . . BE ” 


Those of tho last clasa are recruited, aa ia well known, among young 
men who have attended the higher schools or, at least, have studied longer 
than the others, 

Tscherning? finds myopia, among the male population of the same age, 
distributed as follows — 

Total. —-Myopes, Per cant, 


Day-labourers, peasants and eailors, . 2926 57 = 45 
Mochanics of various kinds,  . . 2861 190 54 

» engaged with near work, . 566 66 (1166 
Artiste, engineers and ea . 270 36 13°33 
Merchants, : : + 1009 199 1976 
Professional mom, « «we AL 159 3288 


Buschbeck®, has studied the action of visual labour at short distance, 
among the children employed in threading needles in knitting-mills, These 
childron, who, at the same time, go to school, furnish a contingent greatar by 
5-4 por cent. (boys and girls) than that of their school-fellows who are not 
engaged in the mills, The number of myopes among them increases pro- 
portionately to the length of time they have followed this oceupation. ‘The 
author ig careful to call attention to the fact that the trade is not inimical to 
hygiene in any other respect, 

In support of this hypothesis might also, perhaps, be cited the fact Inid 
down by all observers, that myopia is of commoner occurrence in lycées than 
in industrial school, the former generally requiring more prolonged work than 
the latter. Cobn counts 30 to 55 per cont, of myopes in the Gymnasium, 
and but from 20 to 40 per cont. in industrial schools (Realschulen). 

Near vision may, in various ways, provoke the production and 
favour the progress of myopia in eyes predisposed to it: first, by 
the convergence which it necessitates and the muscular pressure pro- 
duced by the latter. This point is not in doubt, for, in a state of 
absolute rest, under the influence of an anesthetic, of syncope, or after 
death, the eyes diverge. It is not alone the internal rectus that 
contracts and presses on the eye when it is turned toward the median 
line; we have seen that the external rectus and the inferior oblique, 
being rendered tense at the same time, likewise compress it. More- 
over, there can be no doubt that the muscles of the eye scarcely ever 

* Seuuel, Bair. aerstl. Inteldigenchlact, p. 38, 1878. 
* Ticherning, Aveh. f- Ophth., xxix, 3, p. 201, 1882, 
® Ruschbeck, Viertejahrachr. J. gerichtl, Medicin, de,, January 1881, 
ay 
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accommodation much more than short-sighted persons, who have 
little or no need of it, 

In the first: place, it is, in our opinion, a great mistake to suppose 
that eyes always adapt, or try to adapt, themselves to the objects 
toward which they are directed. Very often they do not Zook—that 
is to say, they do not fix attentively; in short, do not try to obtain 
distinct retinal images, This is especially true of what is commonly 
known as “an absent look.” But many occupations, although they 
eannot dispense with the intervention of the visual organ, do not, 
however, require absolutely fnultless vision and are certainly often 
carried on in spite of imperfect adaptation. Any hyperope or emme- 
trope can detoct himself at any moment, in a state of inexact 
adaptation, if he will give the matter his attention. And, indeed, if 
my neighbour, who, on account of opacities of his dioptric media or 
changes in his nervous apparatus, has only half as great an acuteness 
of vision as I, can read and write all day long, why should I use, for 
the same work, the degree of accommodation which gives me my 
maximum of visual acuteness, if this accommodation costs any effort ? 

Moreover, proofs of this ocular work without complete adaptation 
are abundant.* Thus it is that we see, every day, preshyopes reading 
the newspaper ata distance for which it is utterly impossible for 
therm to have distinct vision. I am convinced, too, that, while most 
hyperopes, when not fixing any object attentively, relax a great part, 
if not all, of that accommodation, they exert more than is neces- 
sary during an examination of their refraction und visual acuteness. 
At all events, the fact that a person “needs” a certain amount of 
accommodation by no means proves that he brings it into play, 

One thing, moreover, seems to bo always forgotten: a hyperope of 
‘one dioptry, who wants to see distinctly at a distance of 33 centi- 
metres &. needs no more accommodation than a myope of one 
dioptry who, for any reason, brings the object, at which he looks, to a 
distance of 20 centimetres (+=) from his eyes. If the myopia is of 
higher degree—of 14 D, for instance—it suffices to bring the object: 
16 millimetres nearer than the punctum remotwm, in order that vision 
shall require the same effort of accommodation as that of the hyperope 
above cited, In short, the loss the distance between the eyes and 
its punctum remotum, the more the accommodation is brought into 
play by the approach of the point of fixation from the gunctum 
remotum toward the eye. 

‘The influence of the contraction of the ciliary muscle in the pro- 
duction of myopia is explained, without difficulty, by the compression 

* Landoll, “L’état actuel de la question de la myopie" (dreh, d'OpAth., p, 47, 1884), 
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in the sense that the excess of innervation of the muscles, necessitated 
hy the imperfect development of their tissue, might be necompanied 
by an excess of accommodation. Thus the latter is held to exert the 
injurious influence which has been pointed out above, 

Here, again, one has gone too far both in accepting and in refusing 
to accept this doctrine. Indeed, as we shall see,a phenomenon which 
did not have this significance at all has often been mistaken for a 
symptom of insuflicieney, and the operations on the muscles of the 
eyes, which have been carried to a considerable excess, have only 
exceptionally at once rendered convergence easier and the myopin 
stationary, They have, on the contrary, very often given rise to com- 
plaints from the vietims, which were as bitter as they were justifiable," 

But, if surgical intervention be limited to cases of genuine 
insufficiency, it may have this happy result. This, then, as well as 
the favourable influence of other means of diminishing the convergence 
effort, speaks in favour of the opinion which attributes to this funetion 
a certain importance in the production of myopia, 

‘There is one fact which may be interpreted as a demonstration of 
the influence exerted by convergence, as well as by accommodation, 
upon the form of ametropia under consideration: this is the small 
number of myopes found among watchmakers and goldsmiths.* Their 
work requires to be held very near the eyes, But. what distinguishes 
these artisans from others, whose working-distance is also a very short 
one, ia the fact that they fix with only one eye, which, moreover, looks 
through a magnifying glass. The distance at which they work is so 
short, that convergence for it would be impossible, at least for any 
length of time. Moreover, the magnifying-plass relieves them from 

+ Von Gracfe, Atin. Monatabl., p. 221, 1869; Von Oottinger, Die ophthalmol, Klinik 
Dorpais, 86, 1871; Rossander, Myyien, 1870; Wichorkiewler, Compte rentu de la 
Clinique ovulaire de Posen, 1882; Mooren, Fuenf Luatren, £¢., 1882; Abadio, Ann, doe, 
t, nxxv., ps 64, 1880; Teohorning, Arch. J. Ophth., xis, 1, p 244, 1888, 

‘Let us cite an instructive observation of Schneller’s, which seems to speak in favour of 
the Influctice of convergence on the progrenion of myopia, Having done the operation of 
discimfon of soft easamnote in the ease of a child xbout tn years old, he afterwards made 
oak pees D, (Tho child bad, thorefore, been myopio before the operation.) 

diminished, in ton youry, to 4°5 in ono eye and 2% in tho other, this 
being Bedale to the increase of myopia which would have been noticed if the pationt 
had not been apbakio, At tho same time, the pationt had strong asthenopis, with ditni- 
nntion of visual neuteness, hyperwinia of the optic nerves and insufficieney of the 
internal recti, 

After a tenotomy of tho extornal recti, the asthenopia ceased and there was no further 


(Behneller, Tage. d Vers, deutscher Naturf, x. aerate u Dancig, p. 250, 1881). 

De Cohn (Ciara J. rest Axgesbaunda All 1977) ta only 13 per oet 
of myopes smong jewellers and watchmakers, while he counts 45 per cmt, of therm among 
lithographers, 


‘Dor also speaks of tho scarcity of myopes among watchmakers, 
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have been found that those who show the most marked type of 
pernicious myopia are those whose refraction has undergone the 
greatest increase, 

Now, the influence of near work on myopia being incontestable, it 
goes without saying that any condition which tends to bring the work 
nearer may become, indirectly, a cause of myopia. 

Such conditions are multiple. 

‘To them belong, in the first place, those which entail a diminution 
of the acuteness of vision. By bringing the object nearer, the eye seeks 
to make up for the indistinctness of the retinal image by its enlarge- 
ment. Opacities of the cornea, optical defects and affections of the 
fundus, of any kind, may thus play an accessory part which is, how- 
ever, of some importance in the history of myopia.* 

Tt seems to us that it is in this way only that astigmatism can be 
capable of producing myopia. Certain very competent authors would 
like to attribute to it a more direct action, the explanation of which 
appears to us to be open to criticism.* 

Besides the causes inherent in the ongan itself, there are others, 
external and no less numerous, which lead to the exaggerated approach 
of the object. 

Let us mention, among others, a bad arrangement of seats and 
tables; for instance, too low seats, or those which are, at least 
relatively, too low for horizontal tables ; the excesvive fineness of certain 
kinds of work—as engraving, embroidery, fine stitching, mathematical 
draughting and the reading of too fine print; lack of clearness of the 
object, due to a faulty typography. Pale ink and poor paper render 

+ Nicati, La myopic dans tes teoler de Marseille, “ Awsoo, franc. pour Tavanoem, dex 
Bcionoey," Montpellior, 1879, in statintion comprising $434 individual, finds the groatent 
number of persons with opacities of the cornem astigmatism, lesions of the fundus ceuli, 
among myoper. 

‘Myopes with opacities, Sea My rors 1 
v— Wollomarked astigmatiom, = > 
1) hemeralopia, pigmentary retinitis, 4 (out of 6) 
‘Total 105, oF 20 per 100 of the total number of myopen. 

+ As to the frequency of myopic astigmation, Grom finds G4 per cent, of myopes 
(examined only subjectively) astigmatic, Nondenson, among thirty-three myopes, an equal 
number of eases of natigmatism, and Snellen, in 127% astigmatio eyes, 59 per cent. of 
myopes, Homer, in examining a large number of children, before their beginning to go 
to school, finds from 2 to 4 per cent. of myopes, who wero, almost without exception, 
affected with myoplo astigmatinn, eo that he ix almost inclined to hol that congenital 
myopia always comsiste of myopic astigmatism, and that it would, consequently, be 
atteibutable to the shape of the oranium (communication in a Wtter,—CGrom (J.), 
Transact. Amer. Ophth. See, p. 105, 1871; ‘Thomson, Tranvset. Amer. Ophth. Soe, 
p. 810, 1871; Amer, Journ, of Mod. Seionces, vol. lxx., ps 983, 1875; Javal, Soeidtd de 
méd. prat., 27th Ock 1880; Ridley, PAiladel, Met, Timer, p. 673, 1881; Fuchs, Arch. 
Ff. Ophth,, vol. xxviii., p. 239, 1882; Proulf, Rev. clin, o'Oc,, 1988 ; Ball, Centralbh fe 
pract. Augenheilkunde, p, $58, Deo, 1883, 
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The illusion of dark patches dancing before the eyes is scarcely 
ever lacking in such cases. These are the shadows, projected on the 
retina, of corpuscles suspended in the vitreous body ; these apparitions 
are designated by the collective name of muse volitantes, Every eye, 
even though normal, contains similar corpuscles. They doubtless are 
cellular débris, nutritive waste of the vitreous body or other irregu- 
larities of this transparent tissue. They are not perceived under 
ordinary circumstances, because their ehadows are not suiliciently 
intense, and the retina has become accustomed to them; but they are 
easily made visible by looking ab some uniformly lighted surface, ax 
the sky, a thick, well-lighted fog, the ocean, a dusty street, a wall, or 
simply a white paper reflecting solar light. They will still more 
surely appear if one look through a pin-hole in a diaphragm held very 
near the eye, the other eye being closed. The pin-hole forms a 
solitary and very small source of light, for which the eye is not 
adapted, and which makes the shadows more distinct and more 
intense. 

The inyope sees these phenomena with greater ease, because he is 
seldom adapted to the source of light. Moreover, when the myopia 
is pernicious, the sensitiveness of the retina undergoes, from the 
beginning, a pathological exaggeration. Later on, to these almost 
physiological corpuscles are added others which are due to the retinal 
and choroidal exudation, The latter are now more numerous, larger 
and more troublesome and disquieting to the patient. He ascribes to 
them all kinds of shapes, and never wearies of their deseription, 
which he willingly accompanies with a faithfol sketch, This is » 
proof of the torments to which they subject him and of the anxiety 
with which he observes them. This observation itaelf places him in 
a vicious circle of action and reaction, for the more he pursues these 
phantoms, the more he is haraswd by therm, nothing being more 
fatiguing than the observation of such entoptic phenomena. Thus it 
is that they become a cause, both direct and indircet, of the weaken- 
ing of the eyesight. 

This weakening is complained of in an alarming manner, especially 
when, to the disturbances of the circulation, are added anatomical 
changes of the fundus oculi, At the same time that the ophthalma- 
scope reveals a growth of the staphyloma and an ever-increasing 
irregularity in the disposition of the choroidal pigment, and principally 
its accumulation in the macula, the acuteness of vision gradually 
diminishes, 

Very often the patients complain of certain deformities of the object 
fixed: straight vertical and horizontal lines seem crooked in certain 
places. This metamorphopsia is attributable to the dislocation and to 
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it is dangerous, and the extraction in the capsule is more than 
hazardous, on account of the bad condition of the vitreous body. 
Moreover, the least inflammation of the iris and ciliary body may 
rekindle the former foci of choroiditis, and for ever compromise the 
vision, already very precarious, of a retina which performs its functions 
only as if by a miracle. Even after having happily escaped both 
Scylla and Charybdis, after the wound has successfully healed, the 
sight evidently cannot be very good, because of the changes at the 
fundus, especially in the region of the macula.* 

Although detachment of the retinn and the dangers of cataract 
are threatening only in the higher degrees of myopia and at an 
advanced age, the phenomena of irritation of the intra-coular membranes, 
of which wo have spoken at the beginning of this section, belong to 
every period of life, and may accompany any degree of malignant 
myopia, Even at a period when one would suppose the fundus of the 
eye to be no longer capable of being irritated, when the sclerotic shines 
with a greenish-white lustre through the thinned membranes which are 
atrophied, deprived of vessels and pigment, and when the pallor of the 
papilla indicates the gradual disappearance of tho optic nerve's vitality, 
even then the unhappy myopes are not protected against the tor- 
ments arising from an exaggerated irritability of the few nervons 
elements which remain to them; a moderately strong light hurts 
them, and they seem unable even to bear the diatinet retinal images 
that their own skill and the oculist’s art succeed in procuring for 
them. By placing the light in a certain way, and seeking the most 
favourable position of the object, they succeed in making its image 
fall upon the least altered part of the retina; they render the image 
distinct, by bringing the object sufficiently near, or eles an 
concave glass, properly placed and inclined, furnishes them perfectly 
distinct images of distant objects. But, at the end of an instant, they 
become fatigued by this, abandon with a sigh the book or lorgnette 

+ We would not, however, exaggerate the dangers of the cataract operation as per- 
formed on myopea. "In reality, we have never lort an eye under such clreametances ; but 
{it is noue the leas truo that in such cases opecial precautions are necessary, Ibis well, for 
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The existence of malignant myopia may be presumed in infancy 
only when the father or mother is affected with this disease, or when 
ib is common in the family. It becomes more than probable when 
the increase of refraction makes rapid progress, when asthenopic 
troubles are added to it, and especially when the crescent exceeds 
the form from which it derives its name, as well ws the moderate 
and clearly defined limits which it assumes in healthy eyes, and 
when it spreads and becomes complicated with various pigmentary 
changes. The hypermmia of the nerve and the signs of its over- 
traction are scarcely ever wanting, and the symptoms, taken collec- 
tively, leave no doubt as to the malignancy of the affection, even 
before the acuteness of vision is sensibly altered. 

These symptoms do not always manifest themselves at the same 
period of life nor in the same succession. We meet with children five 
years old who already present a relatively high degree of myopia, 
5 and 6 D, with staphyloma and profound alterations of the mem- 
branes of the fundus, without there being any asthenopia. 

At other times, in the cases of young persons of from sixteen 
to eighteen years, asthenopia accompanies even moderate myopia. 
‘The ophthalmoscope docs not reveal very extended crescents, though 
some hyperemia of the papilla; and the ametropia, however moderate 
it may be, is of rather mpid production. The myopia is to be re- 
garded as malignant in both these cases, It evidently is always so 
when its progress and the accompanying morbid phenomena take on 
the proportions that we have outlined in the preceding section, 

In general, it will be easier to tell if a case of myopia is malignant 
than if it is not, Tndeed, we rarely see a myopia, which has com- 
menced with pathological symptoms, stop and change its character, 
while we frequently see cases of myopia, which we had supposed ab- 
solutely inoffensive, become progressive and pernicious, It is, in 
fact, in the immoderate progrossion, as well as in the affections of the 
ocular membranes, that the difference between the two forms of 
myopia lies, If such affections of the membranes are not very pro- 
nounced, it is, therefore, impossible, after a single examination, to 
pass judgment upon the nature of the ametropia. A series of exami- 
nations, repeated at regular intervals, will then be necessary, whose 
ensemble may serve to establish a curve representing the tendency to 
progress of the myopia, 


Tue Tarxary or Myoprs, 


Tf, as Donders has shown, static refraction gradually diminishes 
after a certain age, 80 that a formerly emmotropic eye is hyperopic at 
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nearly the same effect as a convex lens of 11 D placed 13 millimetres 
from the eye, its suppression is equivalent to that of a myopia 
correoted by a concave glass of the same strength, placed at the same 
distance. 

It will be seen that this operation would cure a very respectable 
degree of myopia. But, unfortunately, this radical treatment is 
applicable only when the crystalline permits, or rather requires it— 
that is to say, when it is cataractous and young enough to be resorbed 
after diseission, or ripe enough to allow of its removal by extraction, 
Attempts to disperse the normal crystalline have not given encourag- 
ing results. At all events, the simple existence of myopia by no 
means justifies the application of operative procedures whose aim is 
to cause the disappearance of the crystalline. Moreover, this lens 
having approximately the same optical value in all eyes, its sup- 
pression would exactly correct only a myopia of the corresponding 
degree. Myopia of less degree would be over-corrected. Myopes 
whose error is under 11D are hyperopic after the extraction of a 
cataract, those of 1 D being hyperopic by 10 D, &e, And then, again, 
the crystalline is the organ of accommodation, a faculty which 
myopes, at least those whose ametropia is of low degree, would not 
willingly renounce. Hence the use of this means is still very 
restricted, and it will only exceptionally bring about recovery from 
myopia. 

It might be supposed that this desirable end had boon attained 
ina case in which the ametropia was seen to disappear under the 
influence of a mydriatic. But, in the great majority of such cases, 
the ophthalmescopic examination made before the atropine has been 
instilled, shows that the myopia is only apparent and due to a 
spasm of accommodation, Hence it is only this latter that is 
eliminated, and not myopia, since the latter did not really exist. 
It is true, however, that it sometimes happens that the refraction, 
after prolonged atropisation, is less than that previously determined 
with the ophthalmoscope, But these cases are always open to the 
objection, or suspicion, that perhaps the examiner did not entirely 
relax his accommodation, or, at least, that the accommodative spasm 
of the examined eye was not entirely in abeyance during the ophthal- 
ioscopic examination; so that, in this case, too, the myopia might 
have been only functional and not real. ven if we admit, as certain 
authors do, that atropisation, continued for months and years, can 
finally modify the form of the crystalline, and thus diminish the 
refractive power of the eye, thereby reducing or checking the myopia, 
even then this treatment would be susceptible of only a very limited 
application. Observations of this kind are very rare, the degree of 
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out a diminution in the number of myopes, as a consequence of the 
improvement in certain educational establishments, it must be borne 
in mind that the time spent in school represents only a small portion 
of ocular work. On the other hand, Florschuetz! has seen the 
number of myopes fall from 21 to 15 per cent, three years after the 
building of the Coburg schools according to hygienic principles, and 
von Hippel? finds only 345 per cent. of myopes in the new schools 
at Giessen, while tho average was, for the old school buildings, 
according to Professor Cohn, 40°5 per cent. But, even though the 
mumber of myopes remained invariable, we know very well that 
myopia presents a great diversity, as well from a point of view of its 
degree as with regard to the accompanying alterations of the nervous 
apparatus, And, if hygiene had, for its only effect, one which cannot 
be deniedsit, ée,, that of preventing a great many eyes from reaching 
a degree of myopia which would be pathological in itself, or of pre~ 
serving for them a better acuteness of vision, we might consider this 
result as an extremely valuable one. 

The principles of ocular hygiene capable of preventing myopia, or 
of diminishing the annoying consequences of it, necessarily result 
from what we have said concerning the circumstances which may, 
directly or indirectly, favour its outbreak. Thus, all hygienic con- 
ditions calculated to strengthen the constitution, to maintain good 
health, to protect it against debilitating influences, must contribute, 
at the same time, to make the visual organ more resistant and better 
able to react against any injurious agent, especially against those that 
produce myopia, 

But it is ocular work, especially that at a short distance, which 
will demand most attention. All agree in attributing to it the pre- 
ponderant rdle in the produetion of myopia. Again, it cannot be 
postponed until a period of life when, the body having attained its 
full development, the tissues of the visual organ shall be less vulner- 
able. Hence this near work should be made as inoffensive as possible, 

The rules which we are about to formulate do not specially apply 
to “work,” properly so called, but to any effort of the eyes, They 
must be watched, not only at a period when it may be a question of 
their working, but also, and especially in earliest infancy, one might 
almost say, from the time when the eyes first commence to functionate 
together, It is equally important to remember that we are concerned 
with their training, not exclusively at school, as sometimes seems to 

* Florschuetis, Die Kursichtigheit in den Coburyer Schulen, Coburg, 1880 ; in Cobn, 
Die Hygiene dex Auges in iden Schulem, p. 87. 

* Von Hippel, Academie Discourse delivered July Ist, 1884, at the anniversary of the 
foundation of the University of Giemen, 
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very ably sums up the principles which should govern the construction 
of a sensible seat. This erudite surgeon says:—* School children be- 
come scoliotic and myopic, owing to the bent position of the body, 
when they are seated on badly constructed, old-fashioned benches. 
‘The trunk ia bent when the bench is too far from the desk, when the 
former is too low relatively to the latter, or when it is without a back. 
So seats are inoffensive only wheu the child can sit upright upon them 
while reading or writing, and can keep this position long at a time 
without fatigue, In order that this requirement may be met, it is 
necessary—1l. That the bench be raised above the floor (or the step 
for the feet) the length of the child's legs (measured from the popli- 
teal space to the sole of the foot); 2. it ought to be as broad as the 
thighs are long (the distance from the popliteal space to the back) ; 
3. the front rounded edge of the bench ought to project 2 or 3 centi- 
metres beyond tho inner edge of the table; 4. the seat should be suf- 
ficiently high so that the child can, when writing, conveniently rest 
the fore-arms on the table, without raising the shoulder and without 
bending the neck or leaning forward ; 5. the lower part of the child's 
back should be properly supported, when the scholar is reading, by 
means of a short chair-back. These conditions vary with the growth 
of the child and the above measurements should be repeated, and 
the scholars assigned suitable sents, at loast as often as once in 
six months,"* 

The feet should be advanced as much as possible under the table, 
and not bent backward under the bench, ‘The first precaution renders 
the lowering of the head unnecessary, and the second makes it almost 
impossible, Another condition essential to the avoidance of the too 
near approach of objects of fixation, and especially a position capable 
of bringing about and maintaining the congestion of the face, is that 
the book to be read and, more especially, the paper to be written on, 
shall be placed on an inclined plane, This is obtained either by 
means of a desk, or by a board and a piece of wood slid a greater or 
loss distance under it, according to the amount of inclination desired. 
‘This inclination will be greater for reading than for writing, because 
the construction of our pens puts a limit to it, Reading will be still 
better carried on if the back is supported and turned toward the 
light, while the book ix held in both hands. In this way the reader 
will always have a tendency to hold the book farther away, on account: 
of the fatigue of the arms, while he approaches, involuntarily, nearer 
and nearer to it when it lies before him on the table, 

Tt is, however, easier to make rules than to secure obedience to 
them. Children have an extraordinary tendency to bring objects too 

+ Prof, Eamarch, Zur Belehruag iter das Sitsen der Schulkinder, Kivl, 1838, 
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more than we shall ever be able to replace, for our lungs, atmospheric 
air with anything else. Consequently, any artificial souree will be 
more or less prejudicial, especially if, while its defective light is being 
used, the eyes are doing work which, of itself, is fatiguing. Hence it 
is of capital interest for any one who wants to preserve his eyesight, 
for childron whom it is desired to save from myopia, and for myopes 
who do not wish to increase their trouble, to profit for work by the 
light which Providence lights for us every morning. There are few 
countries which, for six months of the year, are not sufficiently lighted 
by the sun, so that work may be carried on by this light for at least 
ten hours a day, There are few, too, in which most people, by a more 
rational distribution of their time, could not gain two hours of solar 
light per day during the rest of the year, Ib is a question simply 
of beginning one's work at least as early as sunrise in winter. In 
this way, the night can be cut short with the greatest profit to 
the eyes, 

Artificial light, such as that of candles, petroleum or gas, is in 
every respect inferior to that of the sun. It is strongly coloured ; it 
is not bright or is very hot, so that, if its lack of intensity necessitates 
a very near approach to the source of the illumination, the heat which 
it gives off is a serious disadvantage, not only for the eye, but also 
for the entire syatem. ‘This disadvantage increases if several persons 
are working in the same room, for, in this case, the number of sources 
of light and heat must be multiplied. It becomes complicated by still 
another disadvantage, which is inherent in a multiplicity of luminous 
sources: these dim the perception of relief, and, consequently, annoy 
the person in his work, Finally, they deprive his eyes of all means of 
repose, Moreover, these flames necessarily consume a vast amount of 
oxygen; many of them spread about in the atmosphere the injurious 
and malodorous products of their combustion, all of which contribute 
to vitiate tho air of artificially lighted apartments, 

The electric light certainly has immense advantages over any 
other artificial light that has heen used before it. In point of colour, 
it more nearly approaches daylight than any of its rivals, Tts great 
strength admits of raising the luminous focus far above the eyes, and 
of lighting, at will, from one single point, or by a small number of 
lights, a vast work-room, Moreover, it does not vitiate the atmo- 
sphere. But it still has the dmwback of not being sufficiently 
constant, and the sudden variations in intensity, with which we may 
also, in a certain measure, reproach gas-light and that of certain 
flickering Jamps, are very prejudical to the sight, The small incande- 
ascent burners, which are more constant, still give a strongly coloured 
light. However, we live in the hope that the fixity desired in the 
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(the paper being exposed to bright daylight), the illumination ¢ of the: 
place in question is expressed by the formula— 

dog. =f 
in which d ia the distance at which the points can be counted. 

When the fraction $5 equals 1, ie, when the acuteness is at its 
maximum, ¢ is equal to 10, since the unit is the logarithm of 10. It 
will be seen that, in this way, we make use of the acuteness of vision 
in estimating the illumination. This method, although uncertain in 
physical photometry, because the relation between the percoption 
of form and Iuminous sensation could not be determined with 
mathematical precision, is perfectly applicable in the present case. 
In the first place, 60 great accuracy is unnecessary and even impos- 
sible in such a case. Then, again, for the limits between which the 
quantity of light to be examined oscillates, the acuteness of vision 
evidently varies directly with the logarithm of the ilumination.* 

The method is, as will readily be seen, as simple as possible. It 
has, moreover, the advantage of giving the illumination of the very 
place at which the work is done, and not that of a contignous wall 
nor of a vertical plane erected at this place, Tho illumination is, 
indeed, very different in the two cases. To convince one’s self of this, 
it is necessary only to lay an opon book on a table, and then hold it 
vertically with the text turned toward the light. The illumination is, 
necessarily, much weaker in the former case than in the latter. 

It seems to us, although this opinion may be modified by more 
numerous observations, that the illumination ought never to fall below 
the point of lessening the acuteness of vision bayond three-fifths for 
reading, writing, drawing, &e. That is to say that, if the observer, under 
the most favourable circumstances, counts the points at a distance of 
5 metres, he ought not to be obliged to come nearer than to a distance 
of 3 metres from them, when these points are put st a place where 
the work is done and the experiment is made when the work is in 
progress. Tt is hardly necessary to say that the same apparatus may 
be used for any person, provided his maximum distance D is made 
out beforehand.* 

1 A. Poach, “Ueber Schsebiirfe und Beleuchtung" (Knopp’s Areh. 7. Augen> snd 
Ohrenheilkisy vol, iy Pr iin, 1876). 

* Ta & recent pamphlet of Cohn's (Coba, “Tagealicht-Mewungen in Schulen,” in 
P, Borver's Deutsche med. Woohensehr., No. 38, L884) will be found interesting meamurm 
monte of the diurnal light of achoolrocms, obtained by moans of « photometer made by 
L, Weber, of Brealas, Cohn fixes the mintmum amouat of light, for « eahool-boy’s place, 
fat o quantity equal to ten candles, Con's collaborator, I Weber, haa alto invented 
1 very ingenious little apparatun for measuring the quantity of ay which a schoolboy 
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After the illumination in general, it is in order to consider the 
difference between the visual object and the background against which it 
is seen. The greatness of this difference and the facility of vision are 
in direct ratio. The greatest possible contrast is between white and 
black. Every one has had opportunity to notice that reading is most 
easily accomplished when the paper is very white and the letters very 
black, and that writing is most agreeable when done with black ink 
on white paper. Nothing is more fatiguing than reading a pale text 
on poor, greyish paper. Seamstresses would complain much less of 
asthenopia if it were allowable for them to sew their white cloth with 
black thread, and especially if the opposite were the case. So, too, it 
would be a hundred times better to procure for school children, for 
readers of newspapers, for everybody, in fact, nice white paper and 
pure black ink, than to manufacture coloured paper in accordance 
with purely theoretical considerations. We have already said above 
that white light ought certainly to be more appropriate for our eyes, 
which develop under its influence, than any other. 

It is no less important, for the distinctness of objects, that they 
should be clearly defined. 

This observation has especial reference, again, to typography. 
Defective print is absolutely injurious to the eyes, just as it is 
infinitely more fatiguing to decipher manuscript than to read printed 
matter. Simple characters, like the Latin, are, other things being 
equal, preferable to more complicated ones, such as the Gothic. And, 
among those derived from the Latin type, the elzevire and the type 
commonly used in America and England are superior; the thin 
strokes are more pronounced than those of the characters generally 
employed in France ; the letter has thus more body and remains more 
easily recognisable when the test deteriorates or when the light 
becomes weaker. Careful execution is especially demanded in the 
case of figures, the reading of which requires one to clearly distinguish 
all the details, as is likewise true of a proper name, or a word with 
which one is unacquainted, while the reader accustoms himself to 
guess at common words from their general aspect, without spelling 
them letter by letter. A word of this kind is, for him, an entirety of 
definite shape, and not a composition of distinct letters. 

Finally, objects must have a certain size. 

As regards typography, whose importance is so preponderant in 
the civilised world, and which, for all the enlightenment it has epread 
ought to be able to see from his seat. It consists simply of a convex lens, which produces 
‘an inverted image of the space, outaide the window, which lights up any given part of the 
room, This image is projected on graduated screen, which enables one to estimate 
the size numerically. Compare also Cohn, “ Untersuchungen tber die Tages und 
Gasbeleuchtung, &e.,” Berlin, Klin, Wochenschr,, No, 61, 1885. 
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abroad, has nevertheless blinded, in every sense, 80 many people, the 
following is the advice of the authors who are experts in this matter: 

The height of small letters must not be less than 15 millimetres, 
‘The thickness of the full strokes should be, at least, 0°25 millimetres, 
The different letters of the same word should not be nearer together 
than 0°5 millimetres, and the interline, the space between the tops of 
the small letters, like , from the bottoms of similar letters in the 
preceding line, should be, as a minimum, from 3 to 25 millimetres. 
They recommend, too, that the length of u printed line shall not 
exceed 100 millimetres, on account of the variations of convergence 
and accommodation which an excess over this may lead to, in the ease 
of persons who hold the text very near their eyes. 

We have already discussed typography quite at length, more, 
perhaps, than is consistent with the scope of this manual, But there 
still remains a vast number of important things that might be said, 
and explained, on this topic. We refer the reader to the many 
publications to which it has lately given rise, and of which we cite 
the most noteworthy.* 

Reading and writing not being the only occupations which require 
near vision, the principles cnounced will have to be taken into con- 
sideration under many other circumstances, Embroidery, engraving, 
the making of instruments of precision, &c., which imperatively 
demand the clear discernment of very minute objects, ought never to 
be entered upon before the age when the eyes have reached their full 
development. Persons affected with progressive myopia find such 
occupations injurious, while those whose myopia remains stationary 
and has no tendency to be accompanied by changes at the fundus, 
excel in these callings, owing to their aptitude for seeing small objects 
near ab hand, It will, moreover, often be possible for an intelligent 
man to facilitate his work by managing the illumination well, by 
assuming as proper a position as possible, and by taking care that the 
objects with which he works are against a proper background, &e. 

Lately, the schoo? has been specially aceused of being the provoking 
cause of myopia and of many other ills besides. And although, if we 
were to listen to some, we might suppose that it contained the solution 
of all social problems and the summa bonum of mankind, others 


+ Cohn, Die Hygiene dea Auger in den Schulen, ps 148-168, Wien und Leipzig, 

*Y. Arlt, Die Pflege der Augen im ges, u, kranten Zustande, Prag, 1805, Taval, 
Busi nur la physictagie de ta tecture (Annales Mosul, t. \xxix., pp. 79 and 240; t Ixxx., 
pps $ and 185, 1878 5 bea G1, 1879, and  laxxv., p 210, 1881), Weber, Ueber die 

Adheren Schulen sw Darmstadt, 1881, Blan Die Sehuten dy 
Rowvives ja Deuteche Vierteljuhrechr. f. tf, Geoundheiteyfege, 
ubert, Die Schulbacher der surdtischen Unlerrichissnslalien Narnterge, p. 99 ef seg. 
ubatgutantog Verein f. tf. Geaundheitapplege Nurntergs, 5 Heft, 1882. 
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work ought, in every possible way, to be facilitated in the dark old 
room where he is still forced to abide, 

Another thing with which the school may be reproached, is its 
excessive claims with reference to children, It is asserted that it 
claima them while they are yet too young, that it keeps them too 
great a part of the day, and that it imposes upon them too many tasks 
which are to be done at home. 

As regards the first point, it would certainly be better, so far as the 
production of myopia is concerned, if ocular work could be put off till 
after the age of sixteen years. But this is hardly possible. What would 
children do before that age? And what would become of many of them, 
already six orgeven years old, in cases where the parents, unable to take 
care of them, can now confide them to the government fora part of 
the day, which often appears to them too short and, unfortunately, 
really is go in many cases? Let us not forget that, as a matter of 
fact, most children are far from finding at home the conditions of 
physical and moral hygiene which the school can procure for them, 
when it fulfils its requirements. Do not let us complain, then, if iv 
opens its doors to the earliest youth. Let us only take care that this 
double hygiene always reigns there, and, as regards our special subject, 
that children are not put to reading and writing before the age of 
seven or eight years. The strong ones among them will not suffer 
from it; the weak ought to be able, on their physician's advice, to 
postpone their instruction until an age when they have acquired the 
necessary strength. 

Having ascertained the minimum of knowledge which the citizen 
of a civilised country onght to have acquired by the time he stops 
going to school, we see no serious objection to healthy children 
spending twenty-two hours a week at school up to the age of ten, 
twenty-five to twenty-cight between the ages of ten and thirteen, and 
even as many as thirty-two hours per week thereafter, It noed hardly 
be said that we do not include, in these figures, the hours devoted 
to gymnastic exercises. But, in this case, the school ought not to 
charge the scholars with duties which take as much more of their time 
at home, where they generally work amidst unfavourable surround- 
ings ; otherwise it deprives them of one of the principal advantages 
which it ought to procure for them, Tt takes away from them, above 
all, the possibility of moving about freely, and of taking the exercise 
which is indispensable to the normal development of both body and 
mind. Although it is proper and reasonable that the pupil should 
learn to study by himself and independently of the teacher, such 
work ought not to occupy more than a fifth of his school hours before 
he is thirteen years old, and not more than a third of them after that. 
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and to improve, in every way, their general health. In cases of 
photophobia, when the season or the country exposes them to the 
bright sunlight, they may be advised to wear amoke-qlasses, 

Before having recourse to this means, however, wa should ask 
ourselyes whether or not the patient is able to wear glasses constandly 
when out-of doors. If, as is the case with turbulent children, the 
glasses are to be taken off when the patient is playing, and put on 
again presently, they would do more harm than good, on account of 
the change in the illumination of the retina. 

Frequently the spasm of accommodation will not yield to these 
means, or will reappear with other symptoms—fatigue of the eyes and 
pains in the head;—as soon as school-work ig resumed. In such cases 
it must be suppressed by the use of mydriatics. Once or twice a day, 
for several weeks, a drop of a solution of atropine or duboisine (1: 200) 
is to be instilled, the patient being enjoined to keep the eyes closed 
for five minutes after each instillation. In such cases it will be 
noticed that, even at the end of the first day, the refraction has con- 
siderably diminished and that the accommodation is almost entirely 
paralysed. It happens exceptionally, however, that a remnant of the 
spasm persists and reveals itself by a difference in the rofraction, as 
determined subjectively and objectively. When this occurs, the 
atropisation must be continued longer, and made more energetic. 
The dilatation and immobility of the pupils, which this treatment 
necessarily produces, will require the use of rather dark smoke-glaases 
for bright light, and lighter ones for the evening. Such glasses should 
be shell-shaped (coquilles). In the cases of weak myopes or emme- 
tropes, they need not exert any optical action. For myopes whose 
anomaly is of the higher degrees, these glasses may, at the same time, 
be concave, but not correcting all the myopia, since he might make 
use of them for near vision. The hyperope, on the contrary, will 
take advantage of the opportunity to have the whole of his refractive 
defect corrected. 

At the beginning of the treatanent, all near work is to be pro- 
hibited. Later, when the symptoms of asthenopia have disappeared, 
the patient may be permitted to busy himself a few hours a day, with 
long intervals of rest, and using convex glasses which adapt him to 
a distance of from 30 to 40 centimetres, when his refraction is less 
than 25 D of myopia; he may do work withouba glass, at the distance 
of his punctum remotum, when the myopia is of greater degree. That 
of young people rarely exceeds 4D. [fit be stronger, we may give them 
concave glasses which will permit them to hold objects farther off, and 
thus diminish the effort of convergence, The accommodation being 
paralysed, the selection of glasses is too simple to be discussed again. 
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nant character. The hyperemia of the fundus, the 

changes which wo have described and the phenomena of asthenopia 
which are never wanting in auch cases, necessitate here a much more 
protracted interruption of work and a more scrupulous sparing of the 
visual organ. Tt is even indicated to employ a derivative medication, 
as warm foot-baths, dry cups to the temples, every two days or every 
day, for twenty minutes in the evening, or light purgatives, At the 
eame time the patients are to be enjoined to avoid, more than ever, 
staying in overheated and ill-ventilated apartments, to breathe fresh 
air, to keep the circulation as active as possible—in short, to place 
themselves in the best hygienic conditions. We shall preseribe for 
them exereize out-of-doors or, if possible, a sojourn in the mountains 
or in a wooded country. 

The still more profound changes in the organ—the exudations, the 
hemorrhages, the hyperplasia and atrophy of pigment—or in its 
functions, as photopsies, metamorphopsy, diminution of the acuteness 
of vision, openly take on the character of choroiditis, sclerotico- 
choroiditis or chorio-retinitis. Hence they call for the same anti- 
phlogistic treatment a3 inflammation of the membranes of the fundus, 
They sometimes occur in the cases of young people, but oftener in 
adult age, which bears a somewhat energetic course of treatment well. 
‘The primary condition of the success of this is, that the patient re- 
main in almost absolute darkness for several weeks. If the symptoms 
require, and the constitution will admit of it, repeated applications of 
Heurteloup’s artificial leech to the temples, and sudation by means of 
wet sheets—or of pilocarpine—and preparations of iodine internally, 
will be added to this seelusion in a darkened room, 

Unfortunately, the victims of this sclerotico-choroiditis are fre- 
quently neither old nor healthy enough to be subjected to a radical 
course of treatment; for such treatment cannot but be very debili- 
tating, on account of the length of time it must be kept up in order 
to produce a result worth obtaining, that is to say, a permanent 
effect. The physician here finds himself in a truly sad position. On 
the one hand he sees a local affection which threatens to destroy a 
precious sense and, with this, often the very existence of the patient, 
and, on the other hand, a constitution incapable of bearing the remedy. 
What is to be done under such circumstances? When the sufferers 
are still young, a8 is generally the case, it is, first of all, necessary to 
explain to them the condition of affairs; they must be made to under- 
stand how weak their eyes are, and how ill adapted to do work that is 
at all tiresome, so that they may give up all idea of entering opon a 
calling which requires perfect vision, or to abandon it, if already 
entered upon, If they cannot tolerate the staying in a dark room, 
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their eyes may at least be protected against the action of light by 
means of black glasses ; if their constitution prevent bleeding, sweat- 
ing, &c., we must try to supply the place of these with dry cupping, 
fuot-baths, &c. Abstention from work is evidently indicated for a 
longer period and its resumption ought to be surrounded by all the 
more minute precautions, as regards both general and ocular hygiene. 
Thus we shall lighten as much as possible the task of the accommo- 
dation and convergence of these young myopes, whose ametropia is 
generally of medium degree, in which the lack of harmony between 
the two functions often becomes a cause of asthenopia. We shall 
point out, hereafter, the principles which should guide us in this 
intervention, because they are applicable to all myopes and not alone 
to those whose myopia assumes a malignant character. 

When opacities of the vitreous body, or of the crystalline itself, 
are added to the symptoms above mentioned, paracenteses of the 
anterior chamber, as they have been employed on so vast a scale by 
Sperino, may be of real service. 

They are best made with a little instrument proposed by Graefe 
—a little stop-needle, 2 millimetres broad by 4 millimetres long ; the 
other end of the handle is provided with a fine, rounded and curved 
silver spatula. If the point is good, as it should be, the needle can 
be thrust through the cocainised cornea, into the anterior chamber, 
without seizing the eye with the forceps and without putting in a 
speculum. The lids may be held open and the eyeball steadied, at 
the same time, with the fingers only, as is done for the removal of a 
foreign body from the cornea. We choose, for the puncture, a point 
a few millimetres from the edge of the cornea, and carry the point of 
the needle so that it will not come in contact with the crystalline, 
By doing the operation delicately, the instrument may be entered and 
withdrawn without the loss of a single drop of the aqueous humor. 
This is afterward permitted to escape slowly, drop by drop, by press- 
ing the spatula on one of the lips of the incision. It is well to do 
this last part of the operation little by little, at intervals of at least a 
minute, so as not to modify the intra-ocular tension too suddenly. 
Then a light dressing is put on the eye and retained till evening. 
The paracentesis may be repeated from twice to four times a week. 
Its favourable effect in malignant myopia is due, as in all chronic 
affections of the uveal tract, to the diminution of intra-ocular tension 
and the clearing up, of the dioptric media, which it brings about. Per- 
haps it exerts also a beneficial action upon the circulation, both of 
blood and lymph. 

In the most advanced stages, the extreme degrees of myopia, the 
inflammatory phenomena yield to those of atrophy ; treatment has 
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less and less effect upon the ailment and becomes more and more 
symptomatic, This is easy to understand, What can medicine do 
for an eye that is distended in all its dimensions, elongated by a deep 
staphyloma? It is as impossible to restore their functions to the 
destroyed choroid, to the retina in ruins or to the half-atrophied optic 
fibres, as to resuscitate a corpse, Hence we are here reduced to the 
necessity of treating the patient from day to day. Sometimes he will 
get along passably well, and will make shift to live with his field of 
vision in shreds. He will even imprudently read, by moving his eyes 
along the lines by jerks, for hours at a time. When he feels well, 
generally he will laugh at the end of his nose, daubed with ink, which 
has been grazing along his freshly written lines, and will proudly 
show us the small objects that he can distinguish, if it were only the 
watchmakers name engraved on his watch, which for years he has 
seen so often. 

But even by the next day, under the influence of poor digestion 
or any slight indisposition, he runs to us frightoned by muse 
volitantes, dazzled by a “white field,” by sparks, by flashes of light, 
rendered uneasy by a feeling of pressure in the eye, by frontal headache, 
or by other alarming phenomena. All this will ordinarily be calmed 
when the general condition shall have resumed its equilibrium, under 
the beneficent influence of Fioravanti’s balsam, Hoffman's balm of 
life, or some other marvellous ointment rubbed on the forehead and 
temples. 

It is to be noticed, too, that, for eyes in so precarious a condition, 
the commonest occurrences assume a much greater importance than 
they possess for healthy eyes; the mucous secretion of a conjunctivitis, 
which spreads itself over the cornea, and but slightly affects the sight 
of the normal eye, may easily reduce by s half the visual acutenoss 
of an eye which before possessed only a tenth of the normal amount. 
‘The least swelling of the mucous membrane, by the pressure that it 
exerts on the hypertrophied eyeball, and the hindrance to its moye- 
ments which may result from this, will make the patient believe that 
his eye has grown larger, that it is swollen and hard. It is for this 
reason that one will do well to pay the most careful attention to such 
eyes, however impotent one may feel to cope with their essential 

iy 

At other times, our patient's vision will be still more profoundly 
changed. He will no longer see at all, or only indirectly. The object 
at which he looks disappears; he distinguishes only its surroundings, 
and those but imperfectly. The ophthalmoscope reveals, as the cause 
of this central ecotome, a hemorrhage in the macula, What is to be 
done? Will energetic rubbing of the forehead with iodine ointment 

ou 


4 
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As to the treatment of the partial, or even total, atrophy of the 
optic nerve, which, as we haye said, sometimes ends the drama of 
which the extreme myopia was only one scene, we would not cocree 
the reader, We prefer to let him choose, from among the many 
remedies (strychnia injections, albuminate of silver, electricity, &c.), 
that with which he has obtained the best results, or in which some 
abler teacher than ourselves has succeeded in inspiring in him the 
most confidence. 


‘Tue Treatment or Mrorta ny MEANS or ConnncriG-Guasses. 


What we have just pointed ont concerning the treatment of 
myopia has to do, on the whole, only with malignant myopia; these 
meagures are directed only against the morbid accidents which 
accompany it, and which, as we bave said, make up an ensemble of 
such gravity that the anomaly of refraction plays the rdle of only a 
secondary symptom, This symptom is not, however, of minor im- 
portance; the proof of this is that it has given its name to the affec- 
tion, Moreover, it is almost the only thing concerned in typical 
myopia, Hence it is time that we should take up, in detail, the 
consideration of its remedy, the treatment of myopia as ametropia, 
properly so called, 

This treatment is, in reality, as we know, only palliative, and 
consists in correction of the optical defect by optical means. 

‘The refractive change peculiar to myopia consists in the fact that 
the eye is permanently adapted to a finite distance; that is to say, it 
can focus, on its retina, only such rays a8 emanate from a somewhat 
near point in front of it; in other words, divergent rays (p. 125). 
Now, since concave glasses possess the power of giving to luminous 
rays, whatever their origin, any desired divergence, acconling to the 
strength of the glasa employed, such glasses may evidently serve to 
adapt the myopic eye to any point in space. They give, to mys 
emanating from this point, the divergence which is necessary in order 
that the eye may focus them on its retina, 

Thus, in order to enable an eye which is myopic by four dioptries, 
ie, adapted to ie, to see at a distance, which means adapt it for 
parallel rays, we need a concave lens number 4, because this gives to 
parallel rays a divergence that makes them seem to come from as In 
this special case, that of paralicl rays, tho point whence, after their 
passage through the glass, they soem to come, is, as will be remem- 
bered, the principal focus of this glass. 

‘The problem is not much more difficult when we are dealing with 
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which the contraction of the ciliary muscle may play in the etiology 
of malignant myopia makos this easy to foresee, Just as hyperopia 
may be more or less hidden by a spasm of accommodation, so myopia 
may be exaggerated from the same eause.* 

Now, by taking as a starting-point, in the choice of a correcting- 
glass, the apparent myopia, the myopia represented by the static re- 
fraction plus a certain amount of the dynamic, one evidently incurs 
the risk of giving too strong glasses, and of keeping up, by this very 
means, the injurious spasm of the ciliary muscle, In taking, on the 
contrary, the real myopia as the basis, we remain below the number 
that the patient wants and adapt him only to a much shorter distance 
than that at which he wishes to see. 

Nevertheless, we advise and lay down, as the first general rule for 
the choice OF SPECTACLY-GLASSES FOR MYOPES, THAT THE REAL MYOPIA 
BK TAKEN AS THE WASIS OF CALCULATION. We have shown (p. 227 and 

p. 252 et seg.) how the amount of this is most surely ascertained. It 
oa becomes a question, not only of adapting a glass to the eye, but 
also of adapting the eye to its correcting-glasa, 

If the latter, determined according to the rule, does not at once 
suit, we shall often succeed, by gradual training, in diminishing the 
spasm of accommodation and accustoming the eye to its true 
correction. At other times we shall be obliged to have recourse 
to mydriatics in order to oyercome the too rebellious spasm. We 
shall find this especially the case with young children, If the con- 
traction of the ciliary muscle is so energetic that, after the correction 
of the real myopia, the refraction is still too high, that the eye is 
still unable to see sufficiently well at a distance, and that the myope 
holds objects much too near him, then we shall consider this spasm 
pathological, Far from trying to noutralise the effoct of it with 
concave glasses, which would only incroaso it and fatigue the organ, 
we have recourse to the hygienic means pointed out above—abstinence 
from ocular work, &c,, or a regular course of atropine-treatment. 

After having continued this treatment a certain length of time, 
we shall give the patient correcting-glasses and let him accustom 
himself to use them for the proper distance, while he is still under 
the influence of the mydriatic. The use of the Inter will be only 
gradually discontinued, and we should always be careful to watch 
the distance at which the myope holds the object of fixation. 

It is only very exceptionally, and for very short periods, that we 
have permitted amyope to use glasses somewhat stronger than the 
myopia found, in his case, by the ophthalmoscopic examination. This 


See pp. 227 and 255, 
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is when there is no symptom of asthenopia, no change at the fundus 
and no suspicion of hereditary myopia; and again, when quitting 
work was out of the question, and the adaptation of the eye to a 
distance was absolutely necessary. Then, too, we have sanctioned 
concave glasses, in such cases, only in the form of hand-lorgnettes 
or eye-glasses, so that they might not be worn more than just the 
necessary length of time, and we have never failed to warn the patient, 
and especially the patient's parents (for we are generally dealing with 
children in these cases), of the dangers entailed by the abuse of such 
glasses. 

When no accommodative spasm exists, or when it has been over- 
come, the question of choosing spectacle-glasses for a myope is still 
far from being a simple problem in refraction. 

Thus, let us take the case of correcting-glasses properly so called, 
those which adapt the eye for distant vision and with which no 
inyope can dispense, if he wishes to see at a distance. It might 
Le supposed, « priori, that it would be quite proper to prescribe such 
glasses and let the patient keep them, even for near vision. They 
render him emmetropic, and we have repeatedly declared that the 
play of the intrinsic and extrinsic muscles, and above all, their 
functional solidarity, are developed with reference to this refractive 
condition of the eye. 

However, one would make a great mistake to reason thus. In 
the first place, as we have also frequently explained, Nature has per- 
mitted a certain latitude in the relations between accommodation and 
convergence, apparently just for ametropes whose defect is not of very 
high degree. For these, therefore, correcting-glasses would be, at least, 
useless. Dut they even have serious disadvantages for the myope: 
they force him to make an eflort of accommodation from which his 
ametropia grants him dispensation, and they deprive him of another 
advantage, ic, of the larger size of the retinal images obtained by the 
naked eye, and which the glasses make smaller. 

Even for seeing at a distance, concave glasses are not always well 
received ; many myopes would rather see indistinctly without glasses 
than see distinctly with them; others like to have clear retinal 
images for certain cases, but do not care to have them at all times; 
finally, a few myopes, as we have already had occasion to say, cannot 
even bear distinct images. 

The first categories include, as must be self-evident, especially 
myopes whose refractive errors are of low and medium degrees. In 
this connection it is sometimes surprising to note how well these 
myopes get along in ordinary life, and how great acuteness of vision 
they obtain with imperfect correction or with none at all. 
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But what might seem still more astonishing is the difference in 
the visual power of non-corrected myopes of the same degree of 
ametropia and of the game acuteness of vision, when they wear their 
correcting-glasses, Thue it may happen that, of two myopes of 3 D, 
with V=1, one has, with the naked eye, only V=01, while the other 
has V=0'3. It may happen, too, that, in the ane case, the acuteness 
of vision increases gradually in direct ratio with the strength of the 
concave glass placed before his eye, and proportionately as this is 
nearer the number of the correcting-glass. With the other patient, 
on the contrary, the neuteness of vision will scarcely vary, in spite of 
stronger and stronger concave glasses, but finally become, all at once, 
nearly normal when the ametropia is entirely corrected. 

This fact may find an easy explanation in the difference of the 
diameter of the pupil, and its influence on the circles of diffusion, 
which is less for a small than for a dilated pupil. But it is especially 
explicalile by the more or less developed ability to analyse diffuse 
retinal images, Wehave already spoken of this when discussing high 
degrees of hyperopia. Here, again, we are forced to admire the skill, in 
interpreting diffusion-circles, which is acquired by certain ametropes. 
This ability is, in both eases, the result of training and of experience, 

‘Thus, the same myope who, examined in our consulting-room with 
the usual test-types, obtains only a very slight acuteness of vision 
without a glass, will recognise perfectly a rabbit some distance away, 
will perhaps even distinguish between it and his dog, and will shoot 
it; another, on the contrary, will lose himeelf in the open country, 
while he will resolutely read the test-types on our card. This is 
evidently becanse the former, from long experience, has learned what: 
significance is to be attached to the imperfect figure depicted on his 
retina, when it is a question of gamo, and the other patient when 
dealing with letters, To succeed in this, both have profited by a 
host of details which are lost upon those of us who enjoy clear 
images, which searcely require any effort of interpretation—details 
of which such myopes are nob even, in any precise sense, conscious. 
‘Thus the first will utilise, besides the image itself, the movements it 
makes, the colour it yresenta, de, dc, 

Judgments by exclusion also play, in both cases, a rdle of consi~ 
derable importance. If the acuteness of vision be examined, the 
pupils being of equal size, with points or figures of shapes unknown 
to the persons under examination, the difference between various 
myopes, of the same degree of ametropia and of intelfigence, will not 
beso great. We must not forget, indeed, that the latter represents the 
most powerful aid in epee of any question or in the solution 
of any problem, 
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As to the influence of practice, let us cite one case in a thousand, 
which presents itself opportunely at the very moment when we are 
writing these pages:—A boy, fourteen years old, is emmetropic in the 
left eye, whose acuteness of vision equals 1:5. The other eye is 
myopic by 1 D, and has the same acuteness. But, without the cor- 
recting-glass, the vision of this eye is only 0-3, or one-fifth of the real 
amount. The ametropia is, however, but very slight. We have met 
with myopes of the same degree, whose visual acuteness was much 
superior to this, amounting to 0'5 and even more, of the total. Whence 
does this difference arise? Evidently from the fact that this patient, 
having one emmetropic eye which is gifted with superior sight, has 
accustomed himself to distinct retinal images, and has never learned 
to analyse even so slightly diffuse images as those of his myopic eye. 
If his left eye had been no better than his right, no doubt the exami- 
nation of our patient’s visual acuteness would lave yielded a much 
higher figure for this without the correction of the ametropia. 

For the same reason, persons whose myopia has developed and 
increased rapidly must be placed in a much more troublesome posi- 
tion than those who have had time to accustom themselves to their 
ametropia. 

If one stops to consider what we have just pointed out, one reaches 
a conclusion which is so natural that it might have been arrived at 
in advance, without waiting for its practical confirmation, viz. that 
those who have tried to determine the degree of ametropia from the 
fraction of visual acuteness presented by the non-corrected eye, must 
have utterly failed in the attempt. 

It will also be understood, on the other hand, why we abstain from 
imposing the use of their correcting-glasses upon myopes who do not 
complain of the insufficiency of theirsight, We even generally recom- 
mend young persons, and those who are but slightly myopic, to wear 
glasses only exceptionally. It is for this reason that we have them 
mounted in hand-lorgnettes or eye-glasses, as has been said above. 

Although slightly myopic persons do not always feel the need of 
correcting their ametropia, those whose defect is of medium or high 
degree cannot dispense with the use of concave glasses, at least for 
distant vision. It might be supposed, then, that so long as the glasses 
do not entail an effort of accommodation,—that is to say, so long as those 
that are used for a distance, for instance, do not exceed the degree of 
the real myopia, they ought to be borue without either danger or 
inconvenience. 

Such is not, howe: ~ cays th It is rare that a myope, 
whose defect is of r a age is not advanced, is 
pleased with the ful If we give a myope 
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of 5D the concave 5, we incur a great risk of having him return a 
few days later to tell us that the glasses tire his eyes, and of being 
obliged to give him weaker ones. Just as we recommend the slightly 
myopic person to use glasses only intermittingly, so it is prudent to 
prescribe glasses somewhat below the degree of their myopia for 
those who wear spectacles all the time. If they prove ineuificient, 
there is always time enough to exchange them for stronger ones, or, 
as may happen especiully in cases of strong myopia, to add auxiliary 
glasses to them. 

We have already had occasion to say that the highest degrees of 
myopia are rarely exempt from changes at the fundus of the eye. 
This morbid condition of the organ seems to oppose the entire cor- 
rection of the ametropia, and it is noticeable that the malignant form 
generally does not hear correcting-glasses so well as typical myopia. 
Tn such a case it is well to give the patient, in the form of spectacles, 
the strongest concave glasses that he can bear, without fatigue, even 
at a medium distance (30 to 50 centimetres). This may be number 
12 for a myope of 16D, At the same time, he is to be furnished 
with a hand-lorgnette containing glasses which complete the correc- 
tion (—4 in our example). He will hold these in front of his 
spectacles when he wants to see distinctly for the moment. 

Extreme myopes very often refuse any sort of permanent correc- 
tion. If it is only partial, they find no advantage in it, and, as soon 
as it begins, by approaching complete neutralisation, to procure for 
them retinal images of some distinctness, it tires them. Thus, a 
myope of 20 D would, as a general thing, hardly thank us for giving 
him a concave 15 or 16, The number 18 will prove annoying to him 
after a short time. He will prefer the minus 20 in tho shape of a 
hand-lorgnette, He will use it only a moment at a time, and in very 
exceptional cases, on account of the fatigue which he experiences 
from its use. 

The inconveniences attaching to the use of very strong concave 
glasses are not to be explained solely by the bad condition of the 
eyes that need them. They are also due to certain optical effects, 
peculiar to such glasses, of which we shall speak hereafter. 


After the correction of the ametropia for infinity, let us consider 
the visual functions of myopes for finite distances, The domain of 
“near vision” commences, practically, at about 50 centimetres, the 
length of the arm. The latter marke the limit of manual labour, 
which is what we are principally concerned with. Theshortest radius 
of this domain is hard to determine. For binocular vision it could 
scarcely be Jess than 20 centimetres, But, if one eye be excluded, we 
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know of cases in which this limit would be found even within the 
length of a long nose. 

‘Now, myopic eyes being, from their refractive condition, adapted to 
more or less short finite distances, it goes without saying that, if the dis- 
tance of their work is the same as that of their punctum remotum (R), 
they will need, for the latter, neither correction nor an accommodative 
effort. If the distance at which they wish to see is less than that of 
their punctum remotum, they must bring their accommodation into 
play or, in default of this, use a convex glass. If the object of fixation 
is farther away than their punctum remotum, they will, on the contrary, 
need a concave glass. 

When it is a question of adapting a myopic eye to a near point, 
we shall still follow the same principles that have guided us in cor- 
rection for a distance, We take the real degree of myopia as a basis. 
We lay down, as the second general rule, resulting in part from the 
first, that A MYOPE MUST BE PROIIBITED FROM WEARING A CONCAVE 
GLASS FOR ANY, DISTANCE AT WICH HE CAN SEE CLEARLY WITHOUT 
ACCOMMODATION. 

‘We will, therefore, guard against giving their correcting-glasses to 
slightly myopic persons and, generally, to all who work at a distance 
less than, or equal to, that of their punctum remotum, A myope of 
2D (R=15) ought to be able to play the piano, write in large ac- 
count-books,—in short, work at a distance of 50 centimetres, without 
using spectacles and without leaning forward. If it is impossible for 
him to do this, it is because he is affected with a spasm of accommo- 
dation, and he is to be treated exactly like a patient who has the 
same amount of myopia, and who, with the concave 2, does not see at 
a distance, and requires, for this purpose, the minus 3 or a higher 
nuinben 






If the objects of fixation are nearer—at +", for instance—our 
myope will see them with an accommodation of 3—2=1 D; or, if his 
accommodation is nil, as will be the case if he is old enough, we shall 
furnish him with a convex glass of 1 dioptry. 

The same rules will necessarily guide us in what we do for myopes 
of medium degree. These will see still nearer without having recourse 
to their accommodation, and it will be much later before they require 
the help of convex glasses, A great many of them will even never 
need them, if their ametropia be of somewhat high degree and their 
avocations do not require a too exact application of vision. 

It may happen, on the contrary, that, instead of being too short, 
and demanding an increase of refraction, the working distance is 
greater than that of the myope's punctum remotum. The domain of 
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distinct vision is then to be extended by diminishing the degree of the 
myopis. This was the case in the example which we worked out 
at the beginning of this section. Tt proved to ns that such correction 
is very simple. Hence we shall not return to it now, unleas it be to 
reiterate that we must be on the look-out for spasm of accommodation 
in young persons, and take into account, when preecribing a glass, 
only the degree of the real myopia. 

“But difficulties of another kind may arise in the near vision of 
myopes of medium and high degrees. We have already discussed 
these quite at length: they are due to the mutual incongruity of 
accommodation and convergence. Thus a myope of 5 D might like 
nothing better than to read, engrave or sew, &c., at a distance of 20 
centimetres, but will be unable to do so on account of the relative or 
absolute insufficiency of convergence (see p, 209). 

It is not to be forgotten that the power of convergence has not 
so dumble an energy as the apparatus of accommodation; in other 
words, that there must be in reserve a greater quota of convergence 
than of accommodation. Indeed, although one-third or one-fourth of 
the amplitude of accommodation may suffice for long-continued work, 
we have shown (p. 342) that an equivalent reserve of ubout two- 
thirds of the convergence is necessary,—that one's work ought not 
to require the exercise of more than one-third of this function at 
one time, 

Knowing the great amount of convergence required for work, it 
will not astonish us to find this fanction so often in default in myopes, 
whose short range of sight exacts, of itself, n considerable dogree of 
convergence, when vision is to be accomplished binocularly. 

In such cases the first thing to be done is to ascertain the ampli- 
tude of convergence, especially the positive portion of it, and compare 
it with the amount required by the distance and duration of the work, 
This experiment may be made with the author's dynamometer, the 
method of using which has been explained on pages 282 ¢ seg. 

To correct low degrees of insufficiency, we sometimes have a choice 
between concave glasses and simple prisms. The first, by causing the 
limits of optical adaptation to recede, lessen the amount of convergence 
required ; the prisms, without changing the working distance, diminish 
the necessary effort of convergence, owing to the deviation, of the 
luminous mys, which they cause, 

Suppose, for instance, that our myope of 5 D is affected with a 
slight degree of insufficiency of convergence. By giving him concave 
glasses of 2 D, we enable him to see at +>, and we shall have 


diminished, at the same time, by two metre-angles, the convergence 
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when the Intter is opportune is to render the patient great service. 
He will not only be spared a long period of asthenopia and incapacity 
for work, a prospect which is doubly painful on secount of the inevi- 
table failure of the treatment, but the use of binocular vision will also 
be preserved for him. 

Tndeed a remedy which is much more powerful than any optical 
means, for lightening the task of the internal recti muscles, is the 
weakening of their antagonists. In diminishing the power of the 
external recti, the abductors, by setting back their insertion by means 
of a tenotomy, the positive portion of the amplitude of convergence 
will necessarily be increased, But we shall speak of the surgical 
treatment of high degrees of insufficiency of convergence when we 
come to discuss the divergent atrabismus of myopos, which very 
often represents the final stage of jt. It remains for us to say a fow 
words more concerning the uae of spectacles in the adaptation of 


myopes. 

We bear in mind that their use for distant vision, although indis- 
pensable to myopes of high degrees, reserves nevertheless, for these 
very cases, sad disillusions, on account of the minifying of retinal 
i on the one hand and of the bad condition of the ocular mem- 
branes on the other. The services that they may render in adapta- 
tion for a short distance are still more restricted. It must be 
remembered, indeed, that near work requires of the organ infinitely 
more than the vast majority of men demand of it for seeing at a dis~ 
tance. Strongly myopic persons, especially, have Jong since given up 
all hopes of becoming coast-guards or pilots, if they ever cherished 
any such hope, They are content with being able to distinguish be- 
tween a man and woman on the other side of the street, or to recog- 
nise their friends in a drawing-room, which satisfaction one is 
generally successful in procuring for them by means of correcting- 

lasses, 












gl 5 
But for near vision the exigencies are very different. “Doctor, T 
can’t see even to thread a needle any more :"—this is an exclamation 
of despair which we frequently hear, as if the threading of a needle, 
under the exact control of the vision, did not require the visual organ 
of an altogether superior race. To no longer be able to read a news- 
paper stands with many people for the same thing as being blind. 
And yet the analysis of such small retinal images as those of printed 
characters, under 20 unfavourable circumstances as those in which 
they are presented—such an analysis presupposes a retina in pretty 
good condition. Those who rule in these matters have not been con- 
tent even to make the letters in many of our books, and expecially 
in newspapers, with reference to healthy eyes ; the interests of economy 
> 
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The minifying effect of concave glasses is more pronounced in 
proportion as they are further removed from the eye, for distant vision. 
We have pointed out, on pages 130 ef seq., that the greater the dis- 
tance between such glasses and the cornea, the stronger they should 
be, because under such circumstances they are nearer the punctwn 
remotum* of the eye. 

Hence there is always an advantage in placing a concave glass as 
near as possible to a myopic eye. In this way its necessary refractive 
power will, at the same time with its minifying effect, be reduced to a 
minimum. 

If convex glasses sometimes diminish the region of accommodation, 
concaves always increase it, This fact needs no explanation, The 
myope of 5 D, endowed with an amplitude of accommodation amount- 
ing to 4 D, has, with the naked cyo, his punclum remotum at 
20 contimetres, and his punctum proximum at 9 centimetres, therefore 
a region of accommodation of 11 centimotres. If he puts on a 
minus 3, his grunctum remotum recedes to a distance of 50 centimetres, 
and his punctum proximum to only 16 centimetres; the region then 
amounts to 34 centimetres, With the correcting-glass minus 5, it 
extends even from 25 centimetres to infinity. 


At the same time the amplitude ef accommodation is somewhat 
increased. Nagel has calculated that a concave glass number 1, 
placed 2 centimetres from an eye that is 2D myopic and which has 
8 D of amplitude of accommodation, causes the latter to increase 
by 029 D, 


We have seen how convex glasses are able to change the perception 
of relief. ‘The explanation, of this fact, given by Donders and Nagel, 
rests upon this peculiarity, that the retinal image undergoes an 
increase in its absolute dimensions, without being subject to the 
changes in its proportions, which would be necessary in order to 
provoke the same stereoscopic sensation. It is clear that we ought to 
expect an analogous effect from concave glasses, only in the opposite 
sense. Uniform diminution of the size of retinal images will cause us 
to think the posterior parte of a solid farther away than its anterior 


* ‘The myople eye furninbot with a concave glasn is comparable with an opera-ghum 
reversed. Uf we consider the convex glass in the latter na helonging to the eye, it renders 
it myopio, and thie myopia ix corrected by = coneaye glaas (the ocular of the opara-glas), 
which must be very atrong, since it is far frum the eyo, (Landolt, in de Weekar and 
Lande, Paid complt d'phhalmoloye, Lys 692.) 

‘The Trvening etfect which concave glasses exert upon the site of retinal images, is 
exphined by saying that, in the dioptrlo system which they, together with the eye, 
conatitute, the second nodal point is farther from the retina in propertion as the concave 
gla is stronger and more distant from the eye. 
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portions; hence the relicf of an object will seem to us diminished on 
the most distant surfaces, and exaggerated in its most advanced 
details, .A plane surface will appear hollowed out before the feet of 
the wearer of concave spectacles, and that in proportion as he is 
looking farther away, and as he is less accustomed to his glasses, 


Just as in the case of convex lenses, concave ones act a8 prisma if 
one does not look through their optical centre, Only, since thay are 
thinner at the centre than at their edges, it is evidently the former 
which will represent the apex of the prism, while this was the edge in 
the case of the convex lenses. It follows from this, that if we place 
concave glasses before the eyes in such a way that the lines of fixation 
pass externally to their axes, they will increase the effort of con- 





Fro, 136, 


vergence necessary for the fixation of the same point, while they 
diminish it when their optical centres are external to the lines of sight, 
If, for instance, as ie shown in Fig, 136, the pencils of parallel mys, 





| 
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YP and ¥’P”, coming from a very distant object, pass through the 
external halves of the concave glasses G H and H’ G’, they are deflected 
outwards, that is to say, toward the basea of the prisms formed by 
these portions of the lenses. Hence the eyes, instead of being directed 
parallelly, are obliged to converge in order to receive the images on 
their fovew contrales F and F’,—that is, give their lines of fixation the 
directions F B and F’B, as if the object were at B. 





Fre. 137. 


If, on the contrary, an object A be looked at through the inner 
halves of concave glasses (Fig, 137), the latter will act like prisms 
having their apices turned toward the temples. The rays coming 
from A will undengo, at P and P’, a deviation toward the bases of the 
prisms, and the lines of fixation will converge less, as if the object had 
changed its position from A to B, 

ar 
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axis of the lens, If the refractive power of the latter amounts to 4D, 
it increases, by 4 dioptries, the refraction necessary for the distinct 
‘vision of the object, and the convergence, required by binocular vision 
by 4 metre-angles. Hence the object will seem to be at B, = 
distant from each eye, and the lines of fixation will be obliged to 
assume the directions F B and F’ B, 

A lens of 5 dioptries would require, on the part of the emmetrope, 
in order to see at a distance, an aceommodation-effort of & D and a 
convergence of 5 metre-angles. A myope of 5 D, who should use it 
as his correcting-glass, would not need to accommodate. It might 
initiate him into the art, so useful to myopes, of converging without 
accommodating. 

But, for this purpose, we possess a much surer and simpler means 
—that ia to xay, atropine, Moreover, so powerful is the solidarity 
between the two functions that, in forcing convergence, we should 
probably only succeed in incroasing the accommodation, which is 
already too much brought into play by young myopes, Indeed, since 
all attempts to incrwase, by exercise, the faculty of convergence—which 
is much leas powerful than that of sccommodation—offer scarcely the 
slightest chance of success, it is best to address ourselves to the means 
that we have already mentioned: a fortifying regimen in general, and 
ocular hygiene in particular, in the most benign casea. If the in- 
sufficieney of the internal recti is very pronounced, an operation will 
be indicated 

Tn the intermediate cases, we have recourse to a palliative treat- 
ment; instead of trying to overcome the evil by means of exercise 
with convergent prisms, we shall give the patient divergent ones, 
which enable him to seo at the required distance with less convergence. 

‘Thus it is that the prismatic effect of concave glasses may render 
real service. They are to be decentered,so that the patient shall look 
through the inner portion of the concave lens, and thus the effort of 
convergence necessary for the fixation of any object, seen through 
spoctacies of this kind, will be diminished, 

In virtue of the apparent displacement of objects which they may 
produce, it is very important to place concave glasses, us well as 
convex ones, at the same height in front of the eyes. Strong ones, 
especially, might, if this precaution were not taken, cause a very 
troublesome diplopia, 


Just as in the case of biconvex glasses, the prismatic effect of 
Diconcave glasses is manifested in all meridians. Only the lens may 
be regarded as composed of an infinite number of prismatic sections, 
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When dealing with a strong myopia, complicated by a slight 
astigmatism, it is better to let the myope correct the latter by a 
trifling inclination of his glasses than to combine a spherical concave 
18, for inetance, with a namber 1 eylindor. Moreover, in order to 
apportion to a single surface the entire action of so strong a concave 
Jens, it must be given such an excessive curvature that the glass be- 
comes very heavy, unless its edges be clipped away, whereby the 
field of its action is limited. 

Under any other ciroumstancea, it need hardly be said, we shall 
profit by the correcting-glags of the myopia to neutralise, at the samo 
time, the astigmatism, according to the rules given on p. 308 and the 
pages following. The correcting cylinder will be added to the distance 
glass, as well as to that for near vision. It will be worn even when 
the eye does not demand the aid of a spherical glass, provided the 
advantage to be derived from the correction of astigmatism is greater 
than the inconvenience of wearing spectacles. 


Douncican TREATMENT OF THE INSUFFICIENCY OF CONVERGENCE AND 
tHE Divercent Strapismus oF Myores. 


‘When the insufficiency of convergence has resisted hygienic 
measures, general strengthening treatment, repose of the eyes, and 
when it is too great to be corrected by optical means, we may think 
of remedying it in a surgical way. 

The operations which we have at our disposal for this purpose 
are—the tenotomy of one or both of the external recti, the advance- 
ment of the interni, or even the combination of both these operations, 

But surgical intervention never requires more prudence and 
delicacy than just in the case of muscular insufficieney, However 
unpleasant it may be to commit a therapeutic error in the prescription 
of glasses, it is but seldom followed by serious consequences, especially 
when it is recognised in time and corrected. But it becomes quite 
another matter when it is a question of surgically affecting the museulay 
system of the eye, and, indeed, especially in the case under considera- 
tion, where there is a simple insufficiency of the muscles. The less 
considerable the motor disturbance, the more difficult and the more 
delicate is its surgical treatment, In high degrees of strabismus, one 
can boldly recede and advance. 

Tt would require a great amount of awkwardness not to be able to 
give the eyes a better position by an operation than they had before 
it; and should the result not be quite satisfactory, it is always easy 
to assist it. 
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whose zero is indicated by the horizontal line 0.0, Below it (+) is 
the positive, above it (—) the negative domain of the amplitude of 
convergence, 
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The lower extremity of the vertical lines (P) corresponds to the 
maximum, the apper extremity (#) to the minimum of convergence. 
Their length may be divided into equal parts, which represent metre- 
angles. Thus, schema A, for example, would correspond to the normal 
condition, where ~ 7 amounts to one metre-angle, while p is equivalent 
to 9 or 10 metre-angles. 

P= Yla=10ma, 

Tt may happen that the total value of this function is normal, but 
that the entire amplitude of convergence has passed over to the nega- 
tive side (B). This is the case whore there is simple preponderance of 
the abductors, without alterations of the muscles, and without disturb- 
ances of innervation, Theamplitude of convergence may, for instance, 
be expressed in the following manner: £2 ffan10ma; a has its 
normal value, bub —r is too great, p is proportionately too small. In 
fact, according to what has been said of the quota of convergence, it 
is evident that a maximum of convergence of 7 ma is not sufficient 
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a third of a metre, convergent strabismus with homonymous diplopia 
will be found to exist. 

Paresis of one external rectus may give rise to such an amplitude 
of convergence, but it is especially produced by careless tenotomising 
of the abductors. 

Schema H corresponds to the first case, a paresis of the left ex- 
ternal rectus. In such cases, the puncium proximum of convergence 
approaches sometimes much nearer than is illustrated by our example. 
It may reach even 20 ma and perhaps more. 

The reverse is found in schema I, The entire amplitude of con- 
vergence is negative: Pris te = 25 ma. ‘This corresponds evi- 
dently to a divergent strabismus, where spontaneous binocular vision 
does not exist, It can only be accomplished with the aid of abducting 
prisms. Without them there will be crossed diplopia. Did the stra~ 
bismus arise suddenly, in consequence of paresis, then the diplopia will 
be most annoying, and the negative may reach a high degree. These 
casos in reality do not belong to the subject now under consideration. 

Schema K is, on the contrary, very characteristic of high degrees 
of myopia, Here it happens that, in consequence of the hyperplasia 
of the globes, especially in their antero-posterior axes, the lines of fixa~ 
tion can no longer be brought into a convergent direction, and this so 
much the lees in proportion to the loss of contractile power of the 
over-stretched muscles, This is the reason why, in such cases, the 
total amplitude of convergence does nob amount te more than a few 
metre-angles, whether the punctum proctmun lies on uhis or the other 
side of infinity, as in K, where, at the expense of all power, it is 
possible to converge only 1-5 metre-angles, 

It is true that, in the great majority of cases of extreme myopia, 
binocular vision no longer exists. It may be that one eye has 
succumbed to one of the many dangers to which such eyes are ex- 
posed ; or that, in consequence of the divergent position of the globes 
and the difficulty of converging, binocular vision has never been fully 
developed or else has heen gradually lost, Nevertheless, it is some- 
times possible, in such cases, to bring binocular vision into play, by 
making use of @ lominous object of fixation and by directing the 
patient's attention to the image of each of his eyes, in the manner 
above indicated, and, when necessary, to project them, by means of 
diverging prisms, simultaneously upon the macula of both eyes In 
such a way I obtained schema K, which corresponds to a myopia 
of 18 and 20 D. The amplitude of convergence ix, as one may 
readily see: 

pe 1S 


ye 2 feo doma 
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Most frequently, however, the matter does not thus ran ite 
course. The amount of positive convergence gained by means of 
& tenotomy may be greater, but may also be less, than -; 
that. which has been taken from the negative, In other 
words, a tenotomy may increase the amplitude of con- 
vergence more at oné end than it will reduce it at the 
other, and also wice verad, In the first case, this function, 
as a whole, will be increased and in tho latter it will 
be diminished, If the former result is very gratifying, 
the latter may be quite ns unpleasant, Whether the 
one or the other happens, will depend upon the nature 
of the asthenopia and upon the condition of the muscular 
system, 

If, for instance, a but slight reduction of an ampli- 
tude of convergence, as a whole, shows that the mus- 
cles properly perform their functions, and that theimpulse 
to binocular vision is well preserved, it is possible, by 
operative means, to gain, notwithstanding a small amount: 
of the negative 7, a quite considerable increase of p. 

‘The following example may serve as an illustration + 

Left oye —H075; V = 06, 
Right eye—H-0'75; V = 7. 
w= 25D. 





‘Muscular asthenopia— 


Pr Th a-s8ma 


After tenotomy of one external rectus— 


r=-07 
‘Things will naturally take a more favournble tur when — r is 
even more considerable, as in the following case: 
Robust man, aged thirty. Left eye, myopla 6 D5 Pent sre evened Dy 
Astigmatism of 1°25 in each eye; after correction, normal 
vision, Insufficiency of convergence, which interferes with his brass 


be! } a= 17 ma, 






ata 


Pe jban10me 
After a simple tenotomy of one externus— 
p= uy a=ibmo 


r=-2 
Asthenopia disappeared. This result, with the same amplitude of con- 
vergence, has remained unchanged for more than a year, Here we have 











SURGICAL TREATMENT OF CONVERGENOE-INSUFFICIENCY. 509 


increase of the power of the adductors, we also raise the resistance 
which is encountered by the abductors It was, however, to be 
hoped that the gain of power of convergence would -g3, 
be more considerable than that which was lost by 
divergence, that the amplitude of convergence would 
gain more by an advancement, that is to eay, the direct 
invigoration of certain muscles, than by a recession, 
ie, a weakening, of others. 

This prevision is confirmed in certain cases, as 
is shown by the following examples: 

Boy aged thirtoon ; both eyes myopic 1°25, LEV, =0°7 5 
REV.« 1. High degree of asthenopia, which has resisted 
all general and local treatment for months : 


Pr 3g }an55 ma. 


Advancement of one internal rectus, After recovery : 
p= gree bas Teast = 22 m a (Fig. 142). 


r= 


‘This result has remained unchanged for more than a 
yoar, and asthenopia has not returned, 
Another example (Fig. 143) : 
Woman aged thirty-fire—Left eye hyperopic, 075; V=0-7 
Right ,, 05; V=08 to 0-9 





‘Motor asthenopia : 
p= 7 
re-l 


Advancement of one intornus. After six days: 


= 1 
Fool 


fans ma Yu. 142, 


a=lima, 


After several weeks : 

Pm Mh lan155ma, 

This operation was performed according to the method indicated 
(p. 403), and indeed we did not fear to boldly approach the muscle in 
one of the resistance of its intact antagonist. It goes without saying 
that we bestow the greatest care not only upon the operation, but 
also upon the after-treatment. We will spare the reader a summary 
of the necessary details, which ought to be familiar to all surgeons, 
Should there become apparent, soon after the operation, a considerable 
amount of over-correction, that is, convergent strabismus, we will 
simply remove the sutures a little earlier, or, in case of a difference 
of height of the eye-balls, give them a better position, A moderate 
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suffered from a high degree of asthenopia and divengent strabismus of 5°, 
without diplopia, With employment of all hor power of convergence, sho 
‘was hardly ablo to see binocularly at the distance of ons metre ; p was, thera- 
fore, scarcely 1 ma. In spite of successive tenotomy of both externi and 
advancement of both interni, the convergence gained was only just enough 
to allow of work for a short time, Asthenopia soon returned, and after 
five months we found : 
va _h}a= oma. 

‘Therefore still a tendency to diverge, insufficient convergence, and especially 
poor amplitude of convergence. 


From these cases we must not hastily draw the conclusion that 
neurasthenic asthenopia is not to be treated operatively, but rather 
that, without being excluded, surgical treatinent onght to be assisted by 
general invigorating treatment, and, moreover, that we ought to be 
guarded in operating, as well as in making our prognosis. 

Finally, a special category of insufficiency of convergence is 
formed by those cases where divergence is the result of myopia of high 
degree, This, however, but exceptionally becomes the cause of 
muscular asthenopia, for binocular vision, in euch cases, has long been 
Jost, and near vision is accomplished, as we have seen, in an altogether 
different manner from what it is in emmetropia and moderate ame- 
tropia. Every attempt to re-establish binocular vision for near objects, 
in extreme myopia, must fail on account of the difficulty which the 
hypertrophied eyeball encounters in its movements, and especially on 
account of the inertia of the muscles which, over-stretched and for 
want of use, have lost their elasticity. I operted only once, expert- 
mendi causa, upon such a case, and cite it here as a discouraging 
example, 


Young man, left aye, myopia 18D; right eye, myopia 20D, Eyoballs 
greatly enlarged, limited in their movements, and divergent ; 


pats 
t= —4 


Tenotomy of ono external rectus brought— 


a=35 ma, 


pio7 
ah ‘afer, a t0 3 ma. 


Patient's convergence still remained insufficient for near objects, bub 
thore was considerable surplus,—that ia to say, convengent etmbismus, with 
homonymous diplopia—for distance. Besides which, the amplitude of con- 
vergence had become reduced. Convergence diminished more and more, 
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may set the eye that was operated upon at liberty, and begin to 
exercise his convergence. Tn order to do so, it will only be necessary 
for him to return to his ordinary occupation. Forced training of 
convergence by means of an object of fixation, gradually brought 
nearer, will act still more powerfully. The stereoscope, also, may 
here render good service. But all these exercises must not be so long 
continued ax to produce fatigue. That we must bear in mind the 
position of the punctum remotum of convergence, goes without saying. 
It is just a8 evident that the result of our operation will be sooner 
obtained if we combine with it an invigorating general treatment, 
especially in the case of anemic persons. 

Tf, on the contrary, the effect of the tenotomy appears to be some= 
what too great, we keep both eyes bandaged, instil atropine, and, 
above all, recommend the patient to avoid all movements of conver- 
gence. Louchettes may perhaps be of use in euch cases, But still 
more effective are the exercises with our stereeseope. These evi- 
dently are meant to increase the strength of the abductors. The two 
objects to be fixed are first given the position in which their images 
are most easily fused, and then they are separated more and more 
from cach other, 

On the other hand, an intelligent pationt readily finds the position 
of the head which enables him tosee single at a distance. He is then 
told to turn his head slowly toward the side where the diplopia mani- 
feats itself, taking care meantime not to go so far as to bring about an ap- 
parent doubling of the object. The best object to use for this purpose 
ia a candle flame at a distance of at least b metres. The patient will 
inthis way succeed in extending the domain of single binocular vision. 

The latter can be perfectly re-established after some weeks or 
months, if the immediate excess of correction was not too great. 
When only a few degrees of it remain, and the patient is obliged to 
resume his work, we may afford him assistance with prismatic glasses. 
Since this strabisinus manifests itself only for distant vision, we need 
generally, only decenter the concave correcting-glasses as is shown 
in Figure 137, Little by little the muscular equilibrium will be re- 
established, so that the patient will see single even without this 
artifice. It is, however, absolutely indicated to watch such cases, 
until entire and permanent cure has been effected. Tt is expecially 
necessary not to regard the simple disappearance of diplopia as such 
a cure, This disappearance may be duc to the suppression of the 
retinal image in one eye, principally in cases where there is a marked 
difference between the two eyes as regards refraction and acutencas 
of vision. Here it inuugunites, on the contrary, a new and very | 
troublesome condition—permanent convergent strabismus, 

2k 
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But no careful surgeon will ever allow matters to come to this 
pass. He will have remedied any considerable surplus of convergence, 
immediately after the operation, by means of a conjunctival suture. 
Indeed, even after a few days, the effect of a tenotomy may be modified 
at will, The new insertion of the muscle is, at first, not so firm but 
that, with the hook, it can easily be detached from the eyeball and 
advanced by means of a suture. 

If, instead of tenotomy of the externi, we are concerned with ad- 
rancement of the interni, we also follow the method above indicated. 

The operation demands, indeed, very great precaution, so that there 
may not result a difference in the height of the eyeballs. In return, 
however, an over-effect is not so much to be feared as in tenotomy, 
for in such cases of advancement of the interni, the externi are 
generally intact. In order to effect a perfect and rapid healing of 
the advanced muscle, we strongly recommend the practice of keeping 
Loth eyes bandaged for several days, of removing the sutures as late 
as possible and with the greatest care, and of not allowing resumption 
of work until after complete cicatrisation. 

‘As in all medical and surgical undertakings, Nature here also 
offers us the most valuable aid. He who understands how to make 
her his ally will rarely have to complain of failure. Nourishing diet, 
judicious mode of life, well regulated orthoptic exercises, &., will 
complete the cure which an operation alone would not have been 
able to effect. 

Except in cases where the faculty of divergence is lacking, 
tenotomy of the external recti is contra-indicated whenever the 
muscles are generally too weak. This occurs especially in high 
degrees of myopia. Here, the muscles, distended by the excess of 
development of the eyeball, have lost a great part of their con- 
tractili The field of fixation is restricted, as well as the amplitude 
of convergence. The excursions of the eyes may be reduced to 18° 
on the inner side and 26° on the outer." There may be a maximum 
of convergence (p) of only 15 ma, and a minimum (—r) of 2 ma, 
which gives an amplitude (a) of 3:5 ma 

In such a case, tenotomy of the external recti could never give a 
good result. It diminishes, it is true, the range of convergence at the 
end of the punctum remotum, and increases it at the nearer extremity, 
but the decrease is greater than the increase; hence the amplitude is 
in reality restricted, and, if it was already too weak to begin with, 
it is materially impossible to bring the punctum prozimum to work- 
ing-distance without producing an enormous convergent strabismus 
which will manifest itself even at a very short distance. In other 


* Landolt, “ Etude aur les mouvements des yeux" (Arok, Copht., p. 603, 1881). 
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words, the minimum, as well as the maximum of convergence, will be 
of a very high positive value, In the example cited, p may there- 
fore become 7 m a, while r becomes + 4ma, Homonymous diplopia 
would commence, at most, at 25 centimetres, if not still nearer, and 
the amplitude of convergence would not be greater than 7—4=3 m a. 
Oftentimes it will lose still more by tenotomy. 

Moreover, it would be, in any case, so weak that, even though the 
punctum prowimum were at working-distance, work would not be 
possible, because thera would not be sufficient disposable muscular 
power to maintain it for any length of time. 

One should bear in mind here what we have said, concerning the 
extreme degrees of myopia, at the beginning of this clinical chapter, 
and in the section relating to that form of ametropia: such eyes are 
diseased, profoundly altered in all their functions. Just as we are 
impotent to restore to them a normal acuteness of vision, so our 
attempts to re-establish the power of a binocular vision would be 
stricken in advance with sterility, 


When insufficiency of the adductors has given way to a trae 
divergent strabismus, but when the latter is still periodic, it may some- 
times be remedied by prismatic and concave glasses, but such cases 
are very rare. The divergent strabismus, which we meet with in 
practice, has generally long since far exceeded the degrees that are 
corrigible by optical means, 

Even orthoptic treatment has very little hold upon it. And this is 
susceptible of ready explanation. Every person, gifted with two eyes 
which see, is, so to aay, constantly under the influence of the stimula- 
tion to converge. Unless looking at an itifinite distance, he is always 
obliged to converge more or less in order to see single the objects 
about him. He incessantly practises exercises which ought to 
accustom him to converge, and prevent his falling into divergent 
strabismus. If this, notwithstanding, becomes established, there is 
very little to hope that exoreises of this kind will suffice to cure the 
stmbismus which they have been incompetent to prevent. The 
internal recti muscles are too weak to maintain, or even produce, 
convergence. In the case of debilitated young people, with over- 
worked eyes, forced manceuvres of convergence could only contribute 
to increase the fatigue of the ocular muscles, 

The surgical treatment is, indeed, the only efficacious one in high 
degrees of insufficiency of convergence, and, with all the more reason, 
in divergent strabismus. 

If the divergent strabiamus is of low degree, we shall correct it by 
means of a single or double tenotomy, being careful to take fully into 
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Tt is often in consequence of an increase in the refractive power of the 
system itself that its focus ia displaced, 

Thus we sometimes seo an eye, whose length does not exceed even 
the minimum compatible with emmetropia, which is myopic on 
account of an increased curvature of its cornea, Such eases are 
exceptional, We remember, indeed, that Donders’ measurements, 
and all that have been made since hia, prove that the cornea, far from 
‘being more convex in myopic eyes, often shows itself more flattened 
with ther than with emmetropes. 

‘The most striking and most characteristic example of this myopia 
of curvature (M*) is conical cornea. The first refractive surface of the 
eye affects in such cases, as its name indicates, an acuminate form, 
easily recognisable in profile, and giving rise to catoptrie and dioptric 
phenomena which have already been mentioned on page 327. The 
apex of the cone presents a curvature of so short a radius that the 
myopia of an eye affected with kerato-conus may readily attain 30 D 
or more, while axial myopia rarely exceeds 20 or 22D. We have yet 
to meet with a figure greater than 25 D, resulting from excessive 
length of the eyeball. 

Unfortunately, these conical cornee are not only excessively 
convex, a difficulty which could easily be remedied by glasses of 
equivalent concavity, but their curvature is generally very irregular. 
Tn the first place it is much further removed from sphericity, and ap- 
proaches much nearer to that of a hyperboloid than the curvature of 
the normal cornea. However, the attempts of RaehImann and others: 
to neutrulise the effect of the corneal deformity by means of hyperbolic 
glasses, have not, as yet, given very satisfactory results. This is 
because, in most such cases, the surface of the cornea is not even a 
surface of revolution; its curvature differs from one meridian to 
another. In short, it is strongly astigmatic. The regular as 
of these kerato-cones may vary from 5 to 15 dioptries,* and its cor- 
rection, combined with that of the general myopia, sensibly inereases 
the visual acuteness of such eyes, This, however, never reaches the 
normal, inasmuch as only one part of the corneal irregularity is 
corrigible, and since there always remains some irregular astigmatism 
which resists any correction. 

Curvature myopia may be produced by an excess in the curvature 
of the crystalline. This ocours notably when the crystalline is with- 
drawn from the action of its suspensory Mgament, which tends to 
flatten it more or less. Thus, a rupture of the zone of Zinn, which 
may be brought about by a treumatism, almost always increases the 
refraction of the eye, sometimes to such an extent as to render it 


* Laquear, * Ueber dio Hornhantkrummung, &o.” (ATin. Monatabl, j. 90, 1881). 
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strongly myopic. In cases of subluxation of the crystalline, we even 
find myopia co-existing side by side with hyperopia in the same eye. 
The portion of the pupil occupied by the crystalline is myopic, while 
the aphakic portion is hyperopic. 

Luxation of the crystalline may produce myopia in still another 
way, that is, by the forward displacement of this lens. The advance- 
ment of the crystalline, from any other cause, likewise produces an 
increase in the refraction of the eye. 


Finally, the same organ can also occasion a third form of myopia, 
due to the increase of the index of refraction of its nucleus, We have 
often enough pointed out that the refractive power of the crystalline 
is more considerable in proportion as the difference in refraction 
between its periphery and its centre is greater. The effect of an 
increase in the density of the nucleus, sometimes recognisable in the 
reflex obtained from it in oblique illumination, is therefore readily 
explainable. Thus we often meet with persons who, far from becoming 
hyperopic on account of the senility of the crystalline, notice, on the 
contrary, that their refraction increases, that they can read without 
the aid of convex glasses, and enjoy a sort of “second sight,” as the 
Americans call it. This improvement in sight is, however, only very 
relative. Although near vision is possible without convex glasses, it 
is indistinct for distance. Such persons have become true myopes. 
And, unfortunately, this myopia from alteration of the index of refrac- 
tion (M!) is almost always succeeded by blindness, since this increase 
in the density of the crystalline is generally the prodrome of a nuclear 
opacity, which is soon followed by total cataract, 

Increase of the index of refraction of the aqueous humor, as well 
as diminution of that of the vitreous body, might likewise bring about 
myopia; but cases of this kind have not yet been made out with 
certainty. 

The correction of atypic myopia is necessarily the same as that of 
the typical variety. But the importance of the refractive anomaly 
generally vanishes, in comparison with that of the alteration of the 
eye which has given rise to it. 


ANISOMETROPIA. 


‘We designate by the term anisometropia (privative & and ‘cos 
equal) the state in which the refraction of the two eyes is unequal. 

Slight differences between the eyes, in the same person, are fre- 
quently found, and are certainly commoner than absolute equality 
of the two, But it is not of such trifling inequalities, which deserve 
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no special name, that we are about to speak. For our purposes, 
anisometropia begins when the difference of refraction between the 
two eyes exceeds the value of the minimum interval presented by our 
notations for the different degrees of refraction. In other wonls, 
anisometropia exists whenever the two eyes demand, in order that 
each shall possess its maximum of visual acuteneas, or in order to 
present to the observer the same clearness in their ophthalmoscopie 
images, two different numbers of spectacle glasses, 

All imaginable varieties of anisometropia, all combinations of re- 
fraction, are possible between the twe eyes of the same individual. 
One eye being emmetropie, the other may be myopic or hyperopic, 
Both may be Ayperopie or myopic in different degrees. Finally, one 
may be hyperopie while the other is myopic. 

‘The difference in refraction may attain very high degrees. Six 
dioptries is not a very rare figure for congenital anisometropia, and, 
by unilateral extraction of cataract, we create even much greater 
inequalities, Let us add that astigmatism is of very frequent ocour- 
rence with anisometropes, and it will readily be understood how 
dissimilar the refraction of an eye may be from that of its fellow. It 
is true that astigmatism is the very thing that at times re-establishes 
some little analogy in this inequality, by the symmetrical disposition 
of its principal meridiane. But this symmetry is iteelf not more 
constant than the degree of astigmatism, and even less so than its 
nature in each eye. 

Anisometropia may be congenital or acquired. After what we 
have said concerning the development of the eyeball, it is evident 
that, when one eye becomes myopic in the course of ite evolution, 
while the other remains hyperopic, or becomes emmetropie, this 
difference in refraction, although coming on with age, can, neverthe- 
less, be considered as a congenital anisometropia. The disposition to 
the state of refraction is, in fact, congenital, at least in the majority 
of cases, 

An incontestably acquired anisometropia, on the contrary, is that 
which has already been mentioned a3 being created by the suppression 
of the crystalline in one of the eyes. Bun it is more than doubtful if 
one eye can become myopic in consequence of ita exclusive employ~ 
ment for near vision, while the other remains hyperopic, for instance, 
‘The organ which does not participate in vision partakes of the fatigue 
of its mate, as is readily verified. Thus we often see one eye which 
is primitively weaker, and consequently excluded from vision and 
deviated, become more staphylomatows and more myopic than its 
fellow, which is in effective activity. Hence work is but the deter- 
mining cause of the development of myopia in eyes which are con- 
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or rather the longest visual axis occurs, the orbit (and with it the eye) 
is situated closer to the median line, while its surrounding edges are 
placed more forward.” 

Finally, it must not be forgotten that the shape of the head is not 
the sole determining cause of the shape and refractive condition of the 
eye, but that many other factors influence these in ways different from, 
and even the opposite of, that of the development of the cranium. 

Although it is prudent to be very reserved in one's conclusions 
drawn from the faca of a perzon, as to the absolute or even relative 
refraction of his eyes, still an attentive observer sueceeds in pretty 
readily distinguishing, by outward inspection of the eyeballs, which 
of the two possesses the stronger and which the weaker refraction, 
‘That is to aay, that ince we have to do almost exclusively with axial 
ametropia, he will easily see which is the longer and which the shorter 
eye. One has only to separate and push back the edges of the lids, 
having the patient meantime look as much as possible in the oppo= 
site direction, as we have previously described, and complete this 
examination by palpation, 


‘Vision or ANisoMETROPES. 
The vision of anisometropes may be accomplished in three ways:— 
1. Both eyes fix simultancously, and binocdar vision exists, 
2. The anisometrope uses each eye alternately. 
3, Vision ts accomplished with one eye only, thia being always the 
same, and the other being permanently excluded, 

1. In onder to ascertain whether or not a person, who aces with 
both eyes, fixes binocularly, one has only to designate some object of 
fixation, and suddenly cover one and then the other of his eyes. If, 
ut the instant when one eye is excluded from vision, the other makes 
movement in order to direct itself toward the object, it is certain that 
it had not taken part in the fixation, and that the other alone had 
been fixing, It is well to make the experiment for a distant as well 
ag for a near point. 

‘The same end will be attained, with still more certainty, by quickly 
interposing a prism, with its apex toward cither the temporal or nasal 
side, between the object of fixation and one of the eyes. If the latter 
immediately makes a movement of rotation toward the prism’s apex, 
this proves that binocular fixation exists." 

But it was long supposed that, notwithstanding the simultaneous 

* Donders, lec. cit., p. 600, 
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and precise fixation of both eyes, binocular vision—that is to say, 
the stereoscopic impression, was wanting in anisometropes. Its exist- 
ence is, however, easy to demonstrate. The simplest proof of it 
consists in Hering’s experiment. The experimenter takes a tube 
about 30 centimetres long, covered with a diaphragm in which there is 
a horizontal slit 15 millimetres broad, but long enough to allow both 
eyes to look through it at the same time. Having the subject of the 
experiment fix a small, pointed object, placed vertically at some 
distance from the tube, this object being on the median line, small 
balls are dropped from a certain height, in front of and behind it 
If binocular vision exists, an attentive observer will always be able 
to tell whether the balls fall between him and the object or on the 
other side of it. If, on the contrary, his answers are not in accord 
with the facts, one may safely conclude that he does not enjoy 
binocular vision.? 

By means of experiments of this sort, it has been established 
beyond doubt that anisometropes, who fix correctly, have stereoscopic 
vision. It might be supposed from this that it would be allowable 
for them to vary their refractive condition by means of the accommo- 
dation, using this faculty unequally in the two eyes. One would 
think that the weaker eye might thus raise its refraction to the level 
of that of the stronger, and do away with the difference between the 
two, Such is not the case, however, and this fact is an extremely 
important one to note: an anisometrope almost always makes the same 
effort of accommodation on both sides, It follows from this that he 
combines, in one stereoscopic impression, the distinct retinal image of 
the adapted eye with the diffuse image of the other. 

This does not prevent the eye that is more favoured by its refrac- 
tion from preserving a preponderant value in vision. If we give this 
anisometrope an object to aim at, if we ask him, for instance, to place 
his finger some distance in front of him, so that it shall just hide a 
distant point, these two points will always be found to be on the line 
of sight of the better of his eyes, He has only to alternately close 
his eyes. If he closes the eye which is imperfectly adapted, the 
finger will keep exactly the same position, relatively to the distant 
object, that it had when both eyes were open ; if, on the contrary, he 
shuts the better eye, the finger will appear sensibly displaced toward 
the opposite side. So when he looks at a distance, or when he is 
reading,—that is to say, when binocular vision is of no great use to 
him,—he will scarcely notice the elimination of the poorer eye by an 

1 Donders has improved upon Hering’s experiment, employing an apparatus which 
he calls a Protostereoscope (Van der Meulen, Thesis, Utrecht., 1873, and Landolt, Traité 
complet d'ophth., vol. i., p. 983). 
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object which conceals the point of fixation from it, while the same 
obstacle would bother him considerably, at least for an instant, if 
placed in front of the other eye. And, if the exclusion of the former 
is very sensible to him when he needs binocular vision, that of the 
other is, however, much more 80, 

Tt goes without eaying that, in work common to both, the value of 
the leas favoured eye depends upon its visual acuteness, and upon the 
clearness and size of its retinal images, as compared with those of its 
congener. The two last factors are evidently in direct proportion to 
the difference of refraction existing between the two eyes—that is to 
say, with the degree of the anisometropia. 

In this connection, it is very interesting to observe how great 
the difference between the retinal images may be, without their 
ceasing to be united in one stereoscopic impression. A person who 
is emmetropic in the right eye and hyperopic by 3 D in the left, who 
has been willing to serve aa the subject of a great many experiments 
on anisometropia, has perfect binocular vision, although he always 
puts forth a like amount of accommodation on each side. Under such 
circumstances, the image for his hyperopic eye is eo diffuse that its 
acuteness of vision amounts to but 0'1, while that of the other is 1:25, 
We have convinced ourselves of this by suddenly covering our patient's 
good eye, It was necessary to wait a moment—the time required for 
him to bring inte play his 3 D of accommodation—before the visual 
acuteness of his hyperopic eye was equal to 1. 

But the degree of anisometropia may be still higher—6 D and 
more—without hindering the production of the stereoscopic impression, 
‘Von Graefe even found that an eye deprived of its crystalline could 
co-operate with the other in binocular vision. The difference between 
the two would be about 11 D. It is true that the case on which 
yon Graefe founds this assertion wos that of a child who had been 
operated upon for congenital cataract, and for whom it was easier to 
accustom itself to the fusion of such dissimilar images, than it would 
‘be for a person who had become aphukic at an advanced age. The old 
people, upon whom we have operated for cataract, have not seemed to 
‘ua, at least, to enjoy any very certain binocular vision, oven when their 
anisometropia was corrected, 

‘As to the difference in size of tho retinal images which may be 
united in a single impression, our hyperopic anisometrope has claimed 
to be able perfectly to fuse images whose diameter was to each other 
a5 1 to 125, oras4to5, This result was attained by correcting the 
hyperopic eye by means of weak convex glasses, which, placed at a 
great enough distance from the eye, markedly amplify the retinal 
images. This experiment is not, however, much more conclusive than 
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one of his eyes is emmetropic, while the other is myopic, and he has 
accustomed himself to use them alternately. 

At another time there came to us a colleague, fifty-seven years of 
age, who said he had constantly worn the same convex glasses, number 
2:5, for both eyes, for near and for distant vision. According to that, he 
should have been hyperopic. But what was strange about it, in the 
first place, was that be really had normal acuteness of vision for a 
distance, and still read at 40 centimetres (33) with his glasses, which 
would lead us to suppose that his amplitude of accommodation 
amounted to 25 D, instead of the 1 dioptry which corresponds to his 
age. On examining, as usual, each eye separately, 1 found that there 
was a hyperopia of 2'5 in the left eye and a hyperopia of L D in the 
tight. Hence one of his positive lenses, 25, corrected the hyperopia 
of the left eye for distant vision, while the other adapted the right for 
working distance. 

3. Anisometropes of a third catagory use only a single eye and al- 
ways the same one,as we haye said, the other being absolutely set 
aside. This is especially the case when not alone the refraction but 
also the visual acuteness of the two eyes is very different. The 
poorer eye then takes the direction given to it by the relation of its 
form with that of the orbit, by the equilibrium of its muscles or by 
the synergic action of the latter with those of the better eye. This 
direction in the great majority of cases is abnormal ; there is strabis- 
mus, either divergent or convergent. The former is the rule when the 

+ deviated eye is strongly myopic. Convergent strabismus is most 
often met with in hyperopes, especially in their youth. We have 
given the reasons for this above, Sometimes the convergent strabis- 
mus of hyperopes diminishes or disappears with age, or even changes 
into divergence ; sometimes it aaserts itself more and more by the 
contraction and shortening of the internal rectus. 

In any case, the movements of the deviated eye only very im- 
perfectly accompany those of its normal congener. When the former 
diverges, it sometimes gradually carries itself inward during the 
energetic convergence of the other, without, however, directing itself 
toward the object fixed. Having reached a certain degree, it stops, and 
a8 the convergence of the better eye goes on incrensing, it yields and 
returns to its outward direction, 

Although not serving directly in vision, and contributing in no 
way to binocular perception, a devinted eye may nevertheless offer 
some advantages in going about, by extending the field of vision on 
its side. It often happens, too, that the abandoned and disdained 
eye contains a treasure of vision, whose existence its possessor does 
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not suspect. Although many an anisometrope is unaware that he 
sometimes sees with one eye and sometimes with the other, many 
another supposes one eye to be blind and good for nothing, simply 
because he does not know how to use it. This is especially the case 
when the excluded eye is strongly myopic. The patient is then very 
much astonished when, by bringing the book up very near to him, he 
is made to read with the eye “ with which he has never seen.” 

‘At other times, on the contrary, it is the correction of a strong 
hyperopia, or of a formidable astigmatism, which restores its useful- 
ness to an eye thus neglected. It is generally too late to re-establish 
at the same time binocular or even alternate vision. This is not re- 
generated even when the direction of the eye is corrected by surgical 
means, But the service thus rendered to the individual is none the 
less great; if an accident should ever happen to the good eye, the 
neglected one will then appear to him like a veritable saviour. 

It is unnecessary to cite examples. Each of us has had, and will 
again have, occasion to observe them, especially in myopes, who are 
50 subject to all kinds of accidents; hamorrhage into the macula, 
retinal detachments, &c. It is useless, too, consequently, to insist 
upon the importance of a careful examination of each eye by itself, 
even though the oculist should thereby prove himself“ more of a 
royalist than the king,” by trying to make an eye see in spite of the 
indifference of the patient, who has long since ceased to mourn its loss. 


TREATMENT OF ANISOMETBOPLA. 


Although it is our duty to conscientiously examine the refraction 
of each eye, and try every means of procuring for each one its maxi- 
mum of visual acuteness, our advice, not to allow one’s self to be led 
into optical polytherapy, is, however, nowhere more applicable than 
when we have to do with anisometropia, 

Knowing, on the one hand, that the stereoscopic impression is 
vivid, and binocular vision precise, in proportion as the retinal images 
of each eye are distinct, and, on the other hand, that it is impossible 
for the anisometrope to correct his inequality of refraction by a dif- 
ferent effort of accommodation for each eye, one might be tempted to 
re-establish, by means of correcting-glasses, the identity of the adapta- 
tion of the eyes. If we are dealing with a person, for instance, who 
has an emmetropic left eye and a myopia of 3D in the right eye, it 
seems perfectly logical to correct the myopia of this eye by a concave 
3, in order to equalise the extent of the view for both eyes when look- 
ing at a distance; and to give the emmetropic eye the convex 3 for 
near work, in order to adapt it for the same point with its myopic 
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congener. By acting on this plan, one would, however, ran absolutely 
counter to success in the vasb majority of cases. An anisometrope 
endowed with binocular vision—and in our example it can be a ques- 
tion of no other category—will readily admit that he sees better with 
his eye corrected than when it is not, but he will still more energeti- 
cally declare that he much prefers binocular vision without the glass 
to the same with the correction; “that the latter occasions him con- 
siderable and insurmountable annoyance, that he is dazzled, that his 
head swims, that objects dance before his eyes, that the spectacles tire 
‘im to the utmost and that he could never accustom himself to them.” 

There exist cases, indeed, in which the anisometrope is unable to 
bear the least modification of the difference between his eyes, Hence 
we are obliged to let it subsist. If one of the eyes is emmetropic and 
the other ametropic, we shall abstain from prescribing glasses for 
distant vision, unless the ametropic eye is the favoured one, which 
will, however, rarely be the case where binocular vision exists. 

For near vision we are to be governed by the eye which the patient 
prefers. We will have him read, for instance, with both eyes open, 
and then suddenly cover one after the other, The eye that the 
patient uses more readily is, evidently, the one whose exclusion causes 
him appreciable annoyance. He stops reading, holds the book nearer 
or farther off, or at least waits a moment until he has supplied, by an 
effort of accommodation, what the refractive power of his eye lacks, 
‘This is what occurs when the patient habitually uses his more re- 
fractive eye—the emmetropic one, for example, when the other is 
hyperopic. In such a case we should give him, for each side, the 
glass required by the emmotropic eye. 

If one of the eyes is myopic and specially charged with near 
vision, we shall rarely be obliged to prescribe spectacle-glasses for 
work, It will be done only in inferior degrees of myopia, when the 
accommodation is weak, or in exceptional cases of very strong myopia, 

The choice of glasses, for anisometropes who do not bear any cor- 
rection of their difference in refraction, is very simple as soon as we 
know which eye is the more used. This is the only one we take into 
account, and the rules to be applied to it are those which have been 
formulated above. The same number is given for the other eye, so 
that the anisometropia itself is not modified. 

At other times the patient tolerates @ certain degree, bub not the 
whole, of the correction. If the difference in refraction is one of 5 D, 
it may be reduced, for instance, to 2 D, by means of a concave 3 
placed before the more refrantive eye, or the convex 3 placed before 
the other, The rest of the interval is not filled up by the accommo- 
dation, The patient still receives rather indistinct images in his im- 
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perfectly corrected eye, but yet clearer ones than with the naked eye. 
Is it, then, always proper to correct the corrigible portion of the 
anisometropia ? 

It might be thought that the answer to this question could not be 
doubtful, and that, inasmuch as the patient bears the glasses and 
declares that he sees better with their help, there ought to be no 
hesitation about prescribing them for him. There are cases, however, 
in which we hesitate. The reader is aware, by this time, that we are 
not fond of burdening patients with spectacles when they are able to 
do without them. Now, a person who is emmetropic, and endowed 
with good visual acuteness in one eye, and ametropic in the other, 
seldom needs the little help that the partial correction of this eye can 
procure for him. His vision will be a little clearer, but not much, and 
the sensation of relief, of very distant objects, does not depend upon 
binocular vision. Hence he would have purchased a slight advantage 
at the price of the inconveniences attending the wearing of glasses. 

It will be objected, however, that this is at times indicated for 
other reasons—for instance, to protect the eyes against dust, excessive 
light, &—and that, under other circumstances, it entails only the 
slightest inconvenience, as in near vision. It would, therefore, seem 
preferable to reserve the correction of anisometropia for special cases, 
and to procure for the patient the benefit of glasses only under cireum- 
stances in which they are in nowise disadvantageous to him, without 
imposing upon him their continuous use. 

Thus, for an anisometrope who is emmetropic in the right and 
hyperopic by 3 D in the left eye, and who sees better with the convex 
2, in front of the latter eye, than he does without any glass, we would 
give this number to be worn in his protective glasses, and in those 
for working. He would then use it only incidentally. 

But his correction accustoms him to retinal images of some dis- 
tinctness in his hyperopic eye. He will be less and less satisfied with 
such diffuse images as he had before, by which, however, be knew 
how to profit. He will become more and more dependent upon his 
spectacles, and if he leaves them off, will incur a sort of asthenopia, 
due to the fruitless efforts of the hyperopic eye to procure, by accom- 
modation, the relatively distinct images for which it has acquired a 
taste. Anisometropes of this kind are perfectly aware that, at the 
moment when they take off their correcting spectacles, something dis- 
agreeable happens in the less refractive eye ; they feel a sensation of 
cramp, or contraction, which constrains them to close the eye or to 
rub it; they are obliged to stop looking at anything for a little while, 
on pain of being annoyed, dazzled and fatigued. This is a struggle 
for clear images. 
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We are not to be surprised if, impelled by this desire, a young 
eye, wishing to see again, with the usual distinctness, and at any 
cost, some particular object, discovers the forbidden artifice of stra- 
hismos, This distinctness requires an effort of accommodation equal 
to the degree of anisometropia corrected by the spectacles. It can 
be furnished only at the expense of an equivalent convergence, to, 
convergence exaggerated relatively to the distance of the object. 
‘This excess of convergence will be imposed upon the more refractive 
eye, so long as the other remains master of fixation; but having 
‘once become conscious of the sensation of convergent strabismus, the 
individual will produce it with greater and greater facility, and, if the 
more refmetive eye were inferior to the other, in point of visual 
acuteness, the strabismus might become permanent, at least during 
fixation. 

The same precautions are necessarily indicated when the patient 
bears the correction of not only a portion, but of the whole of his 
anisometropia, We are always to ask ourselves if the advantage of 
this correction may not be compensated by inconveniences greater than 
the imperfection of retinal images in an eye which takes a useful part 
in binocular vision, 

Let us hasten to add, however, that, if a person is obliged, for any 
other reason than that of being anisometropic, to wear spectacles, there 
is almost always an advantage in equalising the refruction of his eyes 
as much as he finds agreeable. 

Sometimes this relative or absolute equalisation is imperatively 
demanded, Anisometropia which, in the majority of cases, is borne 
without any disagreeable subjective phenomenon, at times becomes the 
cause of an extremely troublesome asthenopia, This case, although 
being the exception, presents itself, nevertheless, not very rarely. 
Thus, without looking through our case-records, we cite a few examples 
of it, which have come under our notice during the preparation of 
these pages. 

The first concerns # young man who has been obliged, for several years, 
to give up his studios, because, az soon as he reads or writes, his right eye 
‘becomes tired and gives him “frightful pains in the head.” T find, in the 
left, M3, V1; right, H 1, Vel. Tho rofrction, as determined with 
the ophthalmoscope, does not differ from that found subjectively. Binocular 
vision exisis, otherwise his anisometropia would not trouble him. 

‘The patient doos not bear the corrvction of his anisometropia, but is 
entirely relieved, for distant vision, by the concave 2 before his myopic eye. 
He derives still more advantage from the convex LS, with which we furnish 
his hyperopic eye for work. He is very much pleased, and is immediately able 
to resume his occupations. 

2L 
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This case is interesting, as showing the capriciousness of anisometropia 
toward correction. We tried all sorts of combinations, gradually diminishing 
the number from full correction until the patient said that vision was agree- 
able to him and, as is seen, we were obliged to leave an anisometropia of 
2D for distant, and of 2°5 for near vision. 

The same day, I saw a young lady, an artist, who had bean sent to me, 
the preceding year, for advice concerning an extreme asthenopia, which had 
been unsuccessfully treated in France and abroad, and which prevented her 
engaging in her work as a sculptress. She had, in the left, a myopia of 7D 5 
the acuteness of vision, equal to 0-4, was, by the correction of an astigmatism 
of 1D, raised to 0-7. In the right there was an apparent myopia of 3D, 
V=06. 

The myopia of the right turned out to be due to a spasm of accommods- 
tion. It diminished to 1 D, under the influence of a course of atropinisa- 
tion, which we instituted in both eyes. The patient then accepted with 
pleasure the concave spherical 4, with the cylinder number 1, for the left 
eye, and the concave 1 for the right,—that is to say, the correction of 3 of 
her 6 dioptries of anisometropia. This year we have even tried to do away 
with the concave 1 for the right eye, t.e.,, to neutralise one more dioptry of 
the difference in refraction between the two eyes, at the same time facilitating 
the near vision of the patient, whose accommodation might soon demand 

She was very well satisfied with her new spectacles, 
true that, in this case, the anisometropia was not the sole cause of 
asthenopia ; there was some astigmatism, which had previously been left 
uncorrected, and the accommodative spasm of the left eye. But the latter 
was, perhaps, attributable to the difference of refraction in the eyes, though 
unequal contraction of the ciliary muscles, in anisometropia, is quite ex- 
eeptional. 

Three months ago I was consulted by a young merchant, who complained 
of having been, for some time, considerably annoyed in his business by 
fatigue of his left eye, which made it necessary for him to close that eye 
during near work. I found, in the left, a hyperopia of 1 D, V=1; tho 
right was emmetropic, V=1: with the ophthalmoscope—left H 1:5, right 
H 0:5. The patient very gladly accepted the full correction of his anisome- 
tropia—that is to say, the convex 1 for his left eye. Since that time he has 
had no asthenopia, 

Let us cite, on the other hand, an absolutely opposite observation which 
wo made a week ago. A boy, twelve years old, complains of asthenopia, 
His father is anisometropic, and presents a marked difference in the develop- 
ment of the two halves of his face. The son himself exhibits a still more 
noticeable asymmetry of the face. The arrested development of the left side 
is marked. There is, however, but a slight anisometropia: left M 0°5, 
V=1; right M15, V=1; no astigmatiem. With the ophthalmoscope, the 
loft eye shows itself to be hyperopic by 1 D, and the right by 0°5 D. 
Suspecting that the asthenopia might arise from the anisometropia, we tried 
to remedy it by placing the convex number 0°5 before the left eye. Weak 
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‘as this glass was, the patient could not bear it a single moment, and wo shall 
‘be obliged to havo recourse to treatment with atropine, which will doubtless 
give us a satisfactory result. 

‘These few observations, takon at hazard, demonstrate how much 
there is of the unforeseen in the correction of anisometropia: one case 
calls for total correction, another rejects it utterly; a third patient 
demands a partial correction, in order that he may be able to use both 
eyes, and a fourth patient gets used to his anisometropia, without, 
however, disdaining optical help, which diminishes it somewhat. 


All these difficulties are scarcely met with in the cases of antsome- 
tropes who do not enjoy binocular vision, The eyes are independent of 
each other; each may be treated by itself, due regard being had for 
the needs growing out of their special uses. The attempt to equalise 
them, and make them work together, would almost, surely be fruitless 
and contrary to the interests of the patient, 

Thus anisometropes who use one eye for secing at a distance and 
the other for near vision, would hardly thank us for adapting both 
their eyes to any one distance, long or short, In the first place, nob 
having Iearned to fuse clear images of both retin, they would 
experience a feeling of extreme perplexity and would reject the 
spectacles from the outset. Or, if we succeeded, by persistent training, 
in getting the patients used to them, they would think themselves 
worse off than before, just because they were obliged to wear glasses, 
while they could formerly dispense with them, or to use an extra pair 
of glasses, 

Tn fact, if the individual has learned to spontaneously dissociate 
his eyes—to use one eye for seeing at a distance and the other for his 
work—this is just because the difference in refraction between the 
two organs is equivalent to that required by the isometrope of his 
accommodation, or of spectacle-glasses, when he wishes to vary the 
extent of his sight from infinity to the distance of his occupations. An 
anizometrope has, therefore, the great advantage of being able to dis- 
pense with this muscular effort, or this optical aid, and of possessing 
an ¢xtraordinarily extensive amplitude of adaptation, owing to the 
fact that each eye dominates a different space, and that the length of 
their regions are added to each other, instead of being parallel. We 
necessarily reduce this amplitude by bringing, artificially, the refrac- 
tion of both eyes to the same level. 

Therefore, when the difference in refraction of such an anisome- 
trope’s eyes is just 3 to 4 D, it is better to let them alone; if one of 
the eyes is ommetropic and the other myopic by 4 D, the patient will 
always sce at a distance and will read without spectacles. 
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If both eyes are hyperopic, and the more hyperopic one is used for 
distant vision, we give each the same convex glass,—the correcting- 
glass of the strongest hyperopia, according to the example furnished 
by the anisometrope cited above. If the hyperopia of one of the eyes 
equals 4 and that of the other 1 D, we shall prescribe the convex 4 for 
each. The first eye will see at a distance and the other near at hand. 
The converse case will not present itself; the less refractive eye will 
never be found to serve for near vision, if both have the same visual 
acuteness. 

If both eyes are myopic, we may try giving each the correcting- 
glass of the weaker of them. Suppose, for instance, the myopia of one 
to be 2 D and that of the other 5 D; then the former will see at a 
distance, and the latter at 33 centimetres, with the concave 2. In 
such a case, however, the patient will probably prefer not to use his 
glasses at all for work. He will therefore reserve his concave 2 for 
distant vision. 

It may, however, happen that one is obliged to give different 
glasses to the two eyes, in this class of anisometropes. Let us suppose 
@ person who is emmetropic in the left, myopic by 4 D in the right 
eye, and sixty years old. He wants to see clearly at 50 centimetres 
(Z), te, give his eyes a positive refraction of 2 dioptries. Neither 
the left eye nor the right can furnish this amount ; the former because 
it no longer has more than 1 D of accommodation, the second because 
it possesses no means of diminishing its refraction. We are, therefore, 
limited to these two alternatives: to give a convex glass (a little 
stronger than 1 D) to the emmetropic, or the concave 2 to the myopic 
eye. Weeshall try one of these combinations after the other, leaving the 
choice to the patient. It cannot be foreseen to which of these glasses 
he will accord the preference, but, in any case, he would not be able 
to accommodate himself to the simultaneous correction of both eyes, 
nor will he want the same convex or concave glass for each. We 
should have artificially diminished the anisometropia by a certain 
degree. 

The same necessity may present itself when the difference in 
refraction between the two eyes is a little leas than is neceasary in 
order to carry the adaptation from infinity to the working-distance ; 
for example, if the hyperopia of one eye equals 1, and that of the 
other 2D. As long as he has a perfect amplitude of accommodation 
at disposal, the anisometrope will find the convex 2 sufficient to make 
work, with the less hyperopic eye, easy ; but if, with age, this eye 
calls for a convex 3, we could not impose the same number on the 
other, because the static refraction—the degree of hyperopia—will not 
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have changed. Hence we shall be obliged to leave the convex 2, and 
substitute, for the glass of the other eye, the convex 3, which will be 
replaced, later on, by a still stronger one, This difference between 
the correcting-glasses will, moreover, be easily borne by our anisome- 
‘trope, simply because the eyes ure independent of each other, 
This is also the reason why we need not multiply the number of 
inatances. One is to be guided, in the adaptation of each eye, by the 
rules before given, including the advice not to neglect the sensations 
of the patient, and one will thus safely accomplish the end in view. 
The only risk of being deceived will be in wishing to improve upon 
Nature, and forcing the disunited couple to resume the common labour. 





When the anisometrope uses one eye exclusively, this is the one to be 
eorrectad, in ease of need, according to the well-known principles. 
‘The other generally being far inferior in every respect, not accustomed 
to fix and even devinted, the question of bringing it back into the 
path of binocular vision, by an operation for strabismus, by the partial 
‘or total correction of its ametropia, or isolated visual or by stereo- 
scopic exercises, could only very exceptionally arise, 

We do not mean, by that, that an eye thus abandoned deserves no 
attention, Although it can rarely be utilised in binocular vision, it 
may sometimes render estimable service, as, for instance, when its 
fellow is the victim of an accident. Only, in order that it may always 
‘be ready to enter upon the performance of ita function, it is well to 
train it and accustom it to seeing. One may succeed in this, as wo 
have already said, by means of exercise, which will be especially 
facilitated by the correction of astigmatism, by giving concave glasses 
to myopes, convexes to hyperopes and even to emmetropes for near 
vision, and one will seldom have reason to regret the patient and 
attentive care, and the persevering solicitude in behalf of the disgraced 
eye. 
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ANOMALIES OF ACCOMMODATION. 


We have shown, on pages 143-166, that accommodation is, at once, 
a function of the ciliary muscle and of the elasticity of the crystalline. 
The anomalies of accommodation must, therefore, find their origin 
in alterations of one or the other of these two factors, or of both 
together. 

The diminution of elasticity, to which the crystalline is subject 
from early childhood on, occupied our attention through one entire 
chapter (page 174 et seq.). To this is due the gradual decrease in the 
amplitude of accommodation, and the complete extinction of this 
function toward the age of seventy-five years. 

If the crystalline becomes rigid from any other cause than senility, 
the effect upon the accommodation must be the same. Cases of this 
kind seem, however, to be rare. It is probable that the lens becomes 
inelastic when it becomes opaque. But the change in structure which 
produces cataract is accompanied by so intense visual disturbances, 
that the diminution in the amplitude of accommodation disappears in 
comparison with them. 

It oftener happens that the crystalline is withdrawn, by subluxation, 
from the action of the ciliary muscle. It still occupies the pupillary 
space, but its attachment with the suspensory ligament, the zone of 
Zinn, being ruptured, at least in part, it assumes its most convex form, 
brings the refraction of the eye to the maximum, and, at the same 
time, renders any modification impossible, Accommodation is as 
thoroughly abolished as if the crystalline no longer existed, as in 
a, ‘ 

Changes in the dynamic refraction of the eye, which depend upon 
the crystalline, are, however, much less frequent and less important to 
be acquainted with than those resulting from irregularities in the 
working of the ciliary muscle. The latter are as multiple as complex, 
and often even only imperfectly explained. 

As in the pathological working of every muscular organ, we have 
here to consider spasm, weakening, paresis and paralysis of the ciliary 
muscle, 

But, before entering upon this discussion, we ask permission to 
briefly recall a few anatomical and physiological facts relating to the 
accommodative apparatus of the eye. 

The innervation of Bruecke’s or of the ciliary muscle is furnished, 
as Hensen aud Voelckers * have demonstrated, by the branches of the 


4 Hensen and Voelckers, Experimentaluntereuchungen her den Mechaniemus der 
Accommodation ; Kiel, 1868, 


ANOMALIES OF ACCOMMODATION. 535 d 


ciliary ganglion, As they also innervate the iris, and since the move- | 
ments of this diaphragm are intimately associated with those of 
accommodation, and since, moreover, the physiology of the ciliary 
ganglion has scarcely been studied except with reference to the 
pupillary movements, we will recapitulate, in a few words, the action 
of this ganglion upon the iris. 

The eviary ganglion senda to the muscle of accommodation and to 
the iridian diaphragm some fifteen nerve branches, the short ciliary 
nerves. They perforate the sclerotic in the vicinity of the optic nerve, 
pass along between this membrane and the choroid, and, having 
reached the anterior portion of the eye, spread out into a plexus of 
fine fibrill, which loge themaelves in the ciliary muscle, and the 
sphincter and radiating musele of the iris, 

‘The afferent branches of the ciliary ganglion arise from three 
sources:—1. From the common motor oculi (motor root); 2. From the 
trigeminus, through the intermediation of the naso-ciliaris (sensory 
root); 3. From the great aympathetie (vegetative root). 

The first of these roots appears to hold under its sole 
the working of the accommodative muscle (Trautvetter),* and of the 
sphincter of the iris H. Mayo's® experiments have, indeed, already 
indubitably proved that the irritation of this nerve produces a con- 
traction of the pupil, Pathology demonstrates, too, that paralysis of 
necommodation, as well as the mydriasia which often accompanies it, 
is due to lesions of the third pair or of the motor root which it gives 
to the ciliary ganglion. 

The vegetative root, emanating from the great intracranial sym- 
pathetic, controls the dilator of the pupillary orijice (Petit,* Budge, 
and Wailler+), and the vessela of this region, It was long ago 
established that the experimental or pathological irritation of the 
great sympathetic, in the neck, provokes mydriasis, and that the 
section or paralysis of the same nerve entails the preponderance of 
the pupillary sphincter. 

As to the root furnished by the trigeminus it very probably con~ 
tains only sensory fibres, although Magendie,* Claude Bernard® and 
others have seen produced, in consequence of the isolated irritation 
of this nerve, a constant contraction of the pupil, of which nobody has 
yet been able to give a satisfactory explanation.* 

4 Tranteotter, Are. f. OphtA., xii, 1, p 05, 1968, 

* H. Mayo, Anatom, ond Physiclog. Commentaries, No. 2: London, 1823, 

* J. E, Petit, Mémoire de UAcud. des Sciences, p. Li Puels, 1827. 

* Budge and Waller, Comptes rendua, t, xxxiv. and xxxv., passin, 1852, 

* Magendi¢, Journal ce Phyridl,, t iv., p. 176, 1824. 

© OL Berard, Lerone rur la Phyriol. et la Pathol, du aystdme nerveusr, 

1 See Dondery, los. eit., pp. 580-688, 
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The contraction of the ciliary muscle and that of the sphincter of 
the pupil are almost always simultaneously exerted, while relaxation 
of the accommodation is usually accompanied by dilatation of the 
pupil. These two acts are not, however, indissolubly associated with 
each other. We have only to recall the fact that the pupil contracts 
and dilates under the influence of variations in illumination, without 
the accommodation undergoing any change. The reflex movement of 
the iris remains intact, not only when the accommodation is abolished 
entirely by the rigidity of the crystalline, but also in many cases of 
paralysis of the ciliary muscle. 

Inversely, immobility of the pupil, under the influence of light as 
well as under that of accommodation, has been observed when the 
ciliary muscle worked normally. 

Toxic substances which act upon the pupillary sphincter generally 
have a similar action on the accommodation: mydriatics, which dilate 
the pupil, paralyse the accommodation, while myotics, which contract 
the former, make the ciliary muscle contract likewise. It is, however, 
to be noticed that the effects of these medicaments upon the two 
functions is neither synchronous nor equal in intensity. Thus we 
shall see that, under the influence of certain mydriatics, the accom- 
modation commences to diminish somewhat later than the beginning 
of the pupillary dilatation, and that the latter attains its maximum 
long before the paralysis of the ciliary muscle. Some have a much 
more pronounced action upon one than upon the other of the two 
functions, as, for instance, muscarine, which promptly provokes an 
accommodative spasm, while it has less power over the sphincter of 
the pupil. 

Changes in the accommodation are, therefore, generally, though 
not always, accompanied by modifications in the diameter and mobility 
of the pupil; spasm of accommodation coincides with myosis, and 
paralysis with mydriasis. In these two conditions the pupil presents 
a diminution of contractility, or even complete immobility under the 
accommodative impulsion. Nevertheless, the iris reacts, in a certain 
degree, to variations of illumination, unless there be complete paralysis 
of the ciliary fibres of the third pair. In ataxia, the contrary is 
observable: the pupils, contracted under the influence of the pre- 
ponderant tonicity of the sphincter, which is no longer compensated 
by the action of the dilator fibres, cease to respond to luminous 
excitation but still contract under the influence of the accommodation. 

The capital symptom of an anomaly of accommodation is the 
change in position of the punctum proximum or of the punctum remotum, 
as well as the visual disturbances resulting from it. 

Non-artificial spasm of accommodation, i, that which is not 
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provoked by myoties, brings the punctum remotum nearer, without 
altering the position of the punctum provimum, The latter never 
comes closer to the eye than the position of the absolute punctwm 
prozimum, 

Paresis of the accommodation causes recession of the punctum 
proximwm, without influencing the punctum remotum, 

Hence both affections reduce the amplitude of accommodation, 
the spasm at its farther extremity, and paresis at its nearer. 

Now accommodation is in inverse ratio to age and, although this 
relation is not absolute and mathematical, it neverthcless admits of 
less latitude than most physiological laws, Donders’ table (p. 174) 
corresponds, with almost surprising accuracy, to reality, so that, when- 
ever the amplitude of accommodation is less than that required by 
Donders’ law, there is reason to seck some pathological cause of its 
restriction, 

The differential diagnosis between spasm and paresis of accommo- 
dation will generally be facilitated by the other symptoms accompany- 
ing them. 


SPASM OF ACCOMMODATION, 


A spasm of accommodation may be either clonic or ¢onic, Tn the 
former case, it is produced only under the influence of fixation, 
convergence, a desire for distinct vision, or of certain causes which 
excite the sensibility of the eye, while it ceases as soon as the organ 
isin repose. In the second case, the ciliary cramp is permanent and 
yields only to mydriatics. 

We have already become acquainted with a very common form of 
spasm of accommodation. It is the one that increases the refraction 
of nearly all young persons and makes it appear stronger than it really 
is, This spasmodic contraction of the ciliary muscle is, in most 
eases, inoffensive. It ceases at the same time with fixation, and dis- 
appears with age. At times, however, it causes serious asthenopia, and 
some authors even ascribe to it, a3 will be remembered, an active part 
in the production of myopia. 

We have already discussed this ciliary spasm, as well as its thera- 
peusis, in the place mentioned. Hence we shall not return to a 
consideration of it at present. We shall add only that this affection, 
which is nearly always binocular, may, however, manifest itself in a 
‘single eye, or affect one eye more than the other. The visual disturb- 
ances resulting from it are then more troublesome than when it existe 
‘on both sides. 

‘The treatment is necessarily identical with that of binocular spasm, 
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We even advise the simultaneous use of the mydriatic in both eyes, 
and that they be allowed to rest for a few weeks. 


Three months ago we saw a gitl, ten years old, who belonged to a family 
which is myopic on both the father’s and mother’s side. Her father, now 
dead, is said to have been strongly myopic in the left eye. The child 
complained of rather vague symptoms of asthenopia. She showed, in the 
left, a myopia of 3D ; V=1 in the right, emmetropia; V=1. There was 
no asymmetry of the face nor any difference in the aspect of the optic 
papille. With the ophthalmoscope, each eye proved to be hyperopic by 
15D. We instituted a course of atropine. At the end of a month, there 
‘was, on either side, a hyperopia of 1:5; V=1. After the use of the mydriatic 
was discontinued, refraction and sccommodation showed themselves to be 
equal on both sides; a portion of the hyperopia remained manifest and 
facultative ; the asthenopia had absolutely disappeared, as well as the 
troublesome tendency to bring objects too near the eyes, 

‘We have cited, when on the topic of anisometropia, another case of uni- 
lateral spasm of accommodation, likewise producing strong asthenopia, cured 
by a course of atropine and the partial neutralisation of the difference in 
refraction between the two eyes, 


Let us bear in mind, too, the abnormal contraction of the ciliary 
muscle, which may produce an apparent regular astigmatism, or 
conceal a real one (p. 301 e¢ seg.) The former yields to mydriatics, 
and is radically cured, whereas the latter becomes manifest, especially 
when a correcting-glass supplements the treatment with the collyrium. 

In the forms of accommodative spasms already cited, the pupil 
generally presents nothing worthy of special notice. It seems to react 
normally in all respects. Its diameter does not appear to be influenced 
by the contraction of the ciliary muscle; even in cases of monocular 
spasm, we have found no difference between the pupils. Nevertheless, 
the diagnosis is very easy, because the clonic spasm ceases during the 
examination with the ophthalmoscope. Thus we ascertain directly 
that the static refraction has been increased, during the subjective 
examination, by a given quantity of dynamic refraction. 

When it is a question of tonic spasm of accommodation, this 
diagnosis is not so simple, because the real condition of the refraction 
is brought out only under the influence of a mydriatic, which paralyses 
the ciliary muscle. The diminution in the amplitude of accommoda- 
tion, which accompanies the tonic spasm, could not, however, be 
mistaken for that produced by paresis, since, in the former case, the 
pupil is rather contracted, while it is dilated in the other; and the 
anomalies in its size hardly escape the observer, however variable the 
size may be in a physiological condition. 

Patients, moreover, generally complain of a very disagreeable 


SPASM OF ACCOMMODATION, 539 


sensation of constriction in the affected ongan—a sensation which is 
often accompanied by a feeling of discomfort in the entire region of 
the eyeball, or even by a cephalalgia. When the spasm is due to an 
irritation of the sensory nerves of the eye, a hypersecretion of tears is 
often observable. The acuteness of vision is nearly always diminished 
and, above all, very variable, In some cases we find a narrowing of 
the field of vision. Sometimes there exists a tendency to conver- 
gence, which may amount to genuine strabismus. This phenomenon 
does not astonish us, when we take into account the intimate relations 
existing between the contraction of the ciliary muscle and that of the 
internal recti, 

Idiopathic tonic spasm of accommodation is rather rare. Dondera 
cites, under the head of “ painful accommodation,” * two observations 
in which any effort of accommodation was accompanied by such pain 
in the eye that all work became impossible. Both patients were 
hyperopex’ The cure was brought about by a course of atropine 
continued several months, 

Tn a case published by von Graefe,* the spasm of accommodation 
was accompanied by a painful cramp of the orbicularis; in another, 
it was due to a superficial lesion (a scratch with the finger-nail) of 
the cornea, 

Tt has been observed, moreover, as a consequence of contusion of 
the eyeball ;> sometimes it accompanies inflammation of the ciliary 
body, notably that due to sympathetic ophthalmia.+ 

Tt is difficult to give un exact idea of the mechanism acconling 
to which local causes may determine contraction of the ciliary 
muscle. ‘This is either the result of a lesion of the muscular tissue, 
‘or it is produced by direct or indirect irritation of the motor nerves, 

Ruflex irritation of the motor branches of the ciliary ganglion is the 
only admissible hypothesis in cases of spasm co-existing with affec- 
tions which have no other immediate relation with the ciliary musele: 
of this kind is the accommodative spasm which Samelsohn is disposed 
to place under the influence of external inflammation of the eye, as 
conjunctivitis, keratitis, episcleritis and even blepharitis (Nagel).* 
‘This spasm, which may increase the refraction of the eye by as much 
as 45 D, seems to be, for the greater number of cases, clonic, ic, to 


* Vou Gmacte, Arch. f. Ophih., ii, %, p, 908, 1986, 
* Voelokors, Derlin, Beton, Saligmtier, Ktin, Monatibl., p. 124, 1875. Tuat, Ktin, 
Taber, Dehenne, Ann, deoul, t, Ixxxi., p. 180, 1870, 
* Liiders, Wiirsborg ‘Thesis, 1871. Cuignet, Reouedl dophth, p. 198, 1878, Reich, 
8, 


* Sameloohn, See, oplth, de Heidelberg, 1878, Berthold, Dewtache med. Wochenachr., 
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cease during the ophthalmoscopic examination, while a tonic cramp 
of the ciliary muscle, concurrent with blepharospasm, has been ob- 
served by the same author, as also by Hagedorn.* 

‘We may also range under this heading the curious cases described 
by A. Graefo and Leber, in which the cramp of the ciliary muscle 
was only one of the phenomena of a more generalised spasmodic 
affection, extending, in the first case, to the muscles of the lids and 
the internal recti, in the second to the entire face. Compression 
of the supra-orbital and infra-orbital nerves caused cessation of the 
tonic spasm. 

We might call attention here to the spasm met with in what is 
called hyperesthesia of the retina, and in the cases of persons who 
have overworked their eyes, who are probably, besides this, affected 
with some refractive anomaly.® 

The synergy which exists between accommodation and con- 
vergence, and which necessitates the admission of a common centre 
of innervation, readily accounts for the spasm of accommodstion 
observed in certain cases of insufficiency of the internal recti. The 
obstacles to their working, which these muscles encounter, or the 
inferiority of their structure, provokes an exaggerated nervous im- 
pulsion, which manifests iteelf in the ciliary muscle by a pathological 
increase in its tonicity. 

Like all muscular organs, the ciliary muscle is subject to the 
contractions which are symptomatic of affections of the central nervous 
aystem. The serious functional disorders generally entailed by the 
latter, and the slight attention paid by neuro-pathologists to accom- 
modative disturbances in cerebro-spinal diseases, are to blame for 
the fact that our knowledge of this subject is still very limited. 
The same is true of the principal causes of symptomatic contrac- 
tions, viz, meningitis and meningo-encephalitis, These affections 
are generally accompanied, in their first stage, by a marked narrowing 
of the pupil and spasmodic strabismus, phenomena which are due 
to irritation of the trunk of the common motor oculi, It is 
probable that the ciliary muscle participates in this pathological 
excitation, although this has not yet been indubitably proved. 


+ Hagedorn, Halle Thesis, 1872, 

* A. Graf, Arch. f. Ophth., xvi., p. 90, 1870. Leber, Arch. f. Ophth,, xxvi, 2 
p. 249, 1880. 

* Webster, ‘ Observations in Dr. Agnew’s Clinio,” Arch. of Ophth. and Otol., vol. iv., 
Now. 8 and 4, 1875. Van Santen, WeekW. van het Nederl. tijdachr, wor Geneeak., 
No, 15, p. 209, 1875. Cuignet, Ree. d'ophth., p. 24, 1878 Weis, Klin, Monate., 
p. 124, 1875, Manz, Berliner Klin. Wochenschr, pp. 2-8, 1880, Pagenstecher, Klin, 
‘Monatsbl, p. 41, 1871. Block, Klin. Monatabl,, p. 155, 1875. 

+ A. Gracfo and Hagedorn, loc, cit, 
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Kniest has observed a clonic spasm of the ciliary muscle in the case 
of an epileptic. Gradle* has seen it in connection with hemiplegin, 
Heidenhain and Gruetzner* bave found that the first act of is 
tion is opened by an accommodative spasm. Rumpf* and Cohn* have 
also observed it in auch cases. 

A certain number of conclusive observations, taken from the works 
of competent observers, show us that the cervical sympathetic, although 
exeluded from the direct innervation of the ciliary muscle, may 
nevertheless, in a pathological condition, be the cause of a prolonged 
increase in refraction, due to the more considerable bulging of the 
surfaces of the crystalline. Is this change of form simply passive 
and a consequence of the diminution of intra-ocular tension which 
generally accompanies paralysis of the sympathetic? Or is it, on the 
contrary, ascribable to an exaggeration of the tonicity of the muscle 
of accommodation, from some unexplained cause? These questions 
have not yet been satisfactorily answered, notwithstanding the care- 
ful study of cases of this kind by Jany,® Fraenkel and Schliephake.* 
Tt was almost always a question of paresis of the sympathetics, with 
its characteristic oculo-pupillary phenomena. 

The pathogeny of the accommodative cramp is etill more obscure 
in the case of Stilling’s patient,” wherein it constituted the sole 
symptom of an intermittent fever. The miasmatie poison had doubt- 
leas, by a caprice of localisation which is customary with it, fixed 
itself upon some region of the nervous system (medulla, cilinry 
ganglion), whence it determined, in a direct or reflex manner, the 
contraction of the ciliary muscle, 

Let us cite, finally, a very interesting observation which Nagel 
communicated, in 1871, to the Heidelberg Ophthalmological Society. 

A boy twelve years old saddenly acquired, as the result of a very severe 
cold in the head, a myopia of 5°2.D. At tho same time there was a violent 
cophalalgia, a continual tendency to convergence and a very pronounced 
convergent strabismus with each effort ab fixation. A collyrium of atropine 
caused the apparent myopia to entirely disapponr, it being succeeded by a 

§ Knios, Ophthalmologenversammlung in Heidelberg, 1877. 

* Gradle, Journal of Nervous und Mental Diseases, New York, ps 164, 1881. 

* Meidenhain, Breelawer aerst, Zeitechr., March 13, 1880. 

* Rumpf, Deutsche med. Weehensehr., 279, 1880, 

* Cobn, Breslawer aerst. Leitechy., No. 6, 1880. 

* Jany, Berl Hin, Wochenochr. (gbitre compresting one of the sympathotic nervos 
and producing cephalalgis, myosis and spasm of accommodation an the same side). 


* Frenkel (Breslau Thesis, 1874). Migraine ascribable to paralyxin of the great 
sepaibei, Sepharose, mye and cramp of scoommodaton—al ulate 
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slight hyperopia. The other symptoms likewise ceased; but they all mani- 
fosted themselves anew when, at the end of a few weeks, the use of atropine 
was discontinued. They yielded to the application of an artificial leech to 
the temple, A recurrence of the same trouble, which occurred six months 
afterward, was radically cured by injections of strychnine. 


TREATMENT OF SPASM OF ACCOMMODATION. 


‘We know that mydriatic collyria and resting the eyes are trust- 
worthy remedies with which to overcome idiopathic spasm of accom- 
modation. 

They will evidently be insufficient when the cramp of the ciliary 
muscle is directly or indirectly associated with a local or general cause. 
In such cases their use must be accompanied by treatment of the 
fundamental affection. Inflammations of the external organs and 
membranes of the eyes are to be treated with the greatest care, An 
overtaxed retina will call for absolute repose, protection, by means of 
smoked glasses, against all sorts of bright light, and even demand that 
the patient remain, for a time, in total darkness. When there is 
present, at the same time, hyperemia of the retina, and the patient’s 
general condition does not render them impracticable, local depletions 
from the temples may be very useful,—as we have seen, for instance, 
in the observation cited by Nagel. According to the same author, 
hypodermic injections of strychnine are sometimes efficacious. 

Insufficiency of the internal recti is to be treated according to the 
rules which we have given on page 502. 

‘An eye which is likely to give rise to spasm of accommodation, 
from sympathetic ophthalmia, is to be immediately enucleated. 

The general diseases and the affections of the nervous system 
which may be concerned, will furnish the principal therapeutic indi- 
cation. The latter will naturally vary according to the nature of the 
case, according to the seat of the lesion to be combated and according 
to the constitution of the patient affected with it. So it is impossible 
for us to enter into the details of the treatment applicable to each 
particular category. Pagenstecher (Joc. cit.) tells of radically curing a 
case of spasm of accommodation, due to a condition of spinal irri- 
tation, by means of the constant current, applied along the vertebral 
column. Leber also obtained, in his patient, a speedy recovery by 
using morphine in subcutaneous injections. 


Myorics. 


Spasm of the ciliary muscle may be artificially produced by 
means of certain substances, called myotica, because they have, at the 
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same time, the further effect of narrowing the pupil or producing 


‘The most powerful myotics, and those most used in practice, come | 
from the Calabar bean (Faba calabarica, or Semen. physostigmatis), the 
fruit of the Physostigma venenosum (Balfour). This plant, a species 
of Phascolus, belongs, therefore, to the Leguminose, 

The alcoholic extract of Calabar (Sharpey) was formerly used a3 a 
myotic collyrium. Th. Fraser* discovered its action on the pupil, and 
Argyll Robertson? that which it has on the accommodation. The 
merit of having introduced the new medicament to acientific practice 
belongs epecially to Robertson. It afterwards became the object of 
scholarly investigations,* among which the most noteworthy are those 
of Donders and Hamer. 

‘The alcoholic extract of Calabar, employed in the form of a solution 
which was never quite limpid, or incorporated in gelatinous tablets, 
or placed on the conjunctiva by means of paper soaked in this sub- 
stance, was always more or less irritating to the mucons covering of 
the eye. It was not long tolerated, and ita action was rather uncertain, 
whether from the difficulty of its dosage or from the changeableness 
of the preparation. 

Hence the discovery of alkaloids of this substance was a valuable 
acquisition for ophthalmology. In 1863 Jobst and Hosse derived 
from it physostigmine, and Vee and Leven eserine, Those two alkaloids 
have since been recognised to be identical. Harnack and Wi 
discovered, in 1866, a second alkaloid of the Calabar bean, which they 
called calabarine. 

Under this name was formerly understood, not this substance, but 
physostigmine itself. It is well to call attention to this point, since 
most pharmacists still consider these two alkaloids identical. But 
culabarine is, in reality, a product of decomposition of physostigmine. 
Le differs from it by its insolubility in ether and by some differences 
in its physiological action.* Calabarine, morcover, keeps much better 
than physostigmine. 

Solutions of any of these substances introduced into the con- 
junctival sac, act at once on the diameter of the pupil and th to 
of the accommodation, ‘Their influence upon the sphincter iridis is, 
however, much more prompt and energetic than thap upon the ciliary 
muscle, Doses that are too weak to change the contractility of the 





* Th. Fraser, Edinburgh Thesis, July 1862 
* Argyll Roberta, Edinburgh Medico-Chirurg. Soe., Fb, 1883, 
* Harley, Hulke, Bowman, Scolborg, Wolls, yon Graefo, Rosenthal, Schelikea, and 
others, 


* Chita, Lelirb, der Arzncimittllchre, p, 43, 1881. 
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latter, still suffice to cause myosis; and this myosis, when it is pro- 
duced by too strong doses, still persists long after the action of the 
medicament upon the accommodation has entirely ceased. 

The narrowing of the pupil, due to a strong solution of one of the 
myotics mentioned, is greater than the contraction provoked by the 
most energetic effort of accommodation, or by the most intense light. 
Nevertheless, the reaction of the pupil to light is not wholly abolished ; 
it manifests itself, even as a consensual movement, in a calabarised 
eye, when its fellow, not under the effect of the medicament, is ex- 
posed to variations of illumination. The pupil, in a state of maximum 
contraction, is seldom perfectly round, but its shape is generally 
irregular, and even angular. 

The effect of myotics, on the ciliary muscle, is very curious, Weak 
doses stimulate its contractility and increase its energy without pro- 
ducing any spasm. They therefore act on the punctum procimum, 
permitting it to come nearer to the eye than it is under purely physio- 
logical circumstances, without altering the position of the punctum 
remotum. Hence the amplitude of accommodation is thereby increased. 
This influence also manifests itself at times at the beginning of the 
action of strong doses, but especially during-the period of decrease of 
the myotic effect. 

The stimulating property of these medicaments makes itself felt, 
moreover, through the entire duration of their action. Thus, in one 
of Donders’ experiments, the convergence which provokes, in an eye 
not subjected to the action of the medicament, a proportional effort of 
accommodation, for instance 3‘7 D for 3:7 metre-angles, was accom- 
panied, in the other eye, by an accommodative tension amounting to 
83 D.* 

When the action of the myotic has reached its mazimum, the 
punctum remotum is relatively nearer the eye than the punctum 
‘procimum, Hence the range of accommodation has been diminished, 
having lost more at its far end than it has gained at the near one. 
But it is to be noticed that, at least in the case of young persons on 
whom experiments have been made, no myotic has ever been powerful 
enough to bring the punctum remotum sufficiently near to make it 
coincide with the punctum proximum. The will has, therefore, always 
retained a certain empire over the accommodation. The latter has 
never been entirely abolished. 

‘The accompanying diagrams represent, better than any description 
could do, the influence of a myotic on the eye. They are due to the 
investigations made by Donders and Hamer with the extract of 


+ Donders, loc, cit., p. 614. 
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Calabar.t We have only adapted them to the metric system 
(Fig. 144). 


ACCOMMODATION, 





DIAMETER OF PE FUPIS. 





Pon 146. 


‘The lower portion is devoted to the pupil The figures at the 
left, below 0, represent millimetres, and the figures on the horizontal, 
commencing with 0, represent minutes in Fig. 144, and hours or 
days in Fig. 146. The curved line ddd shows the variations in the 
diameter of the pupil 

‘The upper portion of the diagrams shows the influence exerted by 
the myotic on the refractive condition of the eye. The figures at the 
Toft indicate dioptries, those along the horizontal still stand for units of 
time. ‘The curve rrr designates the course of the punctwm remotum, 
de, of the minirum of refraction, and the curve ppp that of the 
punctum proximum, ic, of the maximum refraction of the eye. The 
space included between the two is, consequently, nothing mon: nor 
loss than the amplitude of accommodation, ditoctly expressed in 
dioptries by the horizontal divisions passing through it, 

It is to be noticed that the beginning of this scheme does not abso- 

* Donders, lor. eit, p. 610. 
2M 
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noticeably increased during the period of diminution of the myotic 
action. 

The weakest solution of the sulphate of eserine, which can be 
ascertained to have an effect on the eye, is that of 1 to 12,800. It, 
however, influences only the sphincter of the iris. The punctum 
remotum commences to approach the eye under the influence of a 
solution of 1 to 800. But, before this effect makes itself felt, the 
excitability of the ciliary muscle, and, consequently, the amplitude of 
accommodation, increase. 

The strongest cramp of the ciliary muscle which the author has 
been able to produce has never exceeded an hour and a half in dura- 
tion, while the contraction of the pupil has been maintained for 
seventy-two hours. 

The sulphate of eserine is very much used in practice, either to 
stimulate the action of the ciliary muscle, or on account of its myotic 
power, or, finally, to diminish intra-ocular tension. One-third or one- 
half per cent. collyria of eserine are generally very well borne. At 
times, however, the conjunctiva proves intolerant of the prolonged 
use of this medicament, and it seems to us that there would be an 
advantage in replacing it with the salicylate of eserine (Merk), which 
is less irritating and more stable.* 

Indeed, the sulphate of eserine, like other chemical agents, changes 
pretty quickly under the influence of the atmosphere and light. The 
solution reddens and the eserine passes into the state of rubreserine, 
which is readily distinguishable by its absolute insolubility in ether. 
Rubreserine possesses no myotic action ; therefore red solutions of the 
salts of eserine lose a part of their efficacy. 


The action of physostigmine does not differ from that of eserine 
(Hamer, Krenchel). This alkaloid is, in fact, as we have already said, 
identical with eserine. 


Pilocarpine, an alkaloid derived by Hardy, in 1875, from the 
leaves of Jaborandi (Folia Pilocarpi), is a myotic capable of occasion- 
ally replacing those derived from the Calabar bean, With hydrochloric 
and nitric acid, it forms crystallised salts which are readily soluble 
in water. 

According to Jaarsma, the action of the hydrochlorate of pilocar- 
pine, used as a collyrium, is similar to that of eserine. It affects at 
once the sphincter of the pupil and the ciliary muscle, which contract 
simultaneously, though independently of each other. It is to be 
noticed, however, that, although the myotic effect of eserine makes 

2 Tt in advisable to add an antiseptic, as, for instance, » solution of sublimate, to all 
these collyria, especially in the case of » lesion of the membranes of the eye. 
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itself felt even when ao small doses are used that the accommodation 
is nob changed, and although myosis from eserine always somewhat 
precedes ciliary spasm, the weakest solution of pilocarpine that acts 
on the sphincter iriditis likewise acts on the accommodation, This 
minimum solution is, moreover, more concentrated (1 to 400) than 
that of eserine, which is 1 to 12,800 for the pupil and 1 to 800 for the 
accommodation. 

The promptness of the action of pilocarpine, according to the 
author quoted, is independent of the concentration of its solution. 
‘This action reaches its maximum in half an hour, and lasts only eighty 
hours for the pupil and two hours and a half for the accommodation. 
‘The pupil never entirely loses its reaction under the influence of light. 
‘That of the other eye does not dilate, even when the myosis of its 
fellow is at its highest degree. 

As an example of the influence of this medicament on the ciliary 
muscle, we will cite the following observation of Dr, Jaarsma,? 


Before the experiment, A quarter of an hour after the Two hours and three quar- 
fet tare after the ination, 





p=95 p= 105 p= 102 
r=0 r= 125 r= 0 
a-95D. a= 926), a= 102D, 


The action of pilocarpine on the accommodation is, therefore, 
quite analogous to that of the extract of calabar and its derivatives. 

‘The former of these myotics, according to this author, would not 
alter vision, while vision is lessened during the maximum action of 
the last mentioned. 

The Aydrochlorate of pilocarpine is the form of the drug generally 
used ; this crystallises readily, and a solution of it keeps very well for 
a long time; but, in this respect, the salicylate is still preferable, for 
# solution of it remains unchanged for more than three months. 


Muscarine is an alkaloid discovered by Schmiedeberg and Koppe,* 
first in Amanita mucaria, and, afterwards, in the albumen of hens’ 
eggs, by Schmiedeberg and Harnack.* 

These authors were the first to ascertain the influence exerted by 
this drug on the eye; it consists in a narrowing of the pupil and a 
spasmodic contraction of the ciliary muscle. But the latter action 
greatly predominates over that to which the sphincter iriditis is sub- 
ject, Six minutes after a hypodermic injection of 4 milligrammes of 

* Faacema, Loe, cil.) pe AT. 
| * Schmiedeberg and Koppe, Das Muscarin, Lelpsiy, 13 
® Bohmiedebens and Harnack, Central, f. d. med. Winensch., p 598, 1875. 
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muscarine, its action began to be manifest, and sixteen minutes later 
it had attained its maximum on the refraction, which, from 65 D had 
increased to 13D. The accommodation was, at this moment, abol- 
ished. It has not been possible, however, to demonstrate this fact in 
the later experiments of which we shall make mention. A 1°5 per 
cent. solution instilled in the eye left the pupil intact, although it 
produced an intense spasm of the accommodation. 

Krenchel’ has made more extensive experiments with this drug. 
He has ascertained that the action of muscarine on the pupil is very 
inconstant : at times the pupil remains passive, while, simultaneously, 
there is a very energetic spasm of the accommodation ; at other times 
an intense myosis accompanies a very moderate ciliary spasm. 

Quite to the contrary of what we have seen to be the case for 
the other myotics, muscarine acts first on the accommodation and 
afterwards on the pupil. The modifications, which the latter under- 
goes, persist from four to six times as long as those of the former. 

The spasm of accommodation announces itself five or ten minutes 
after the instillation of a one to five per cent. solution, reaches its 
maxiinum in half an hour, and disappears at the expiration of from 
one hour to two hours and a half. The amplitude of accommodation 
is never entirely abolished, although the action of muscarine com- 
mences by bringing the punctum remotum nearer, and does not change 
the position of the punctum prozimum till later. The ciliary muscle 
is at first put into a condition of tonic cramp, without, however, its 
contractile energy being increased. The latter effect does not mani- 
fest itself till afterward, and is never so marked as the initial tetanic 
spasm. The augmentation of the static refraction always greatly sur- 
passes the increase in dynamic refraction ; in other words, muscarine 
always restricts the amplitude of accommodation. This is the principal 
difference between this myotic and the preceding ones, especially 
physostigmine, a weak solution of which markedly increases the 
energy of the ciliary muscle without altering the static refraction of 
the eye. Muscarine, therefore, does not seem destined to render very 
great services in ophthalmic practice. 


‘We have exhausted the list of the most important myotics known 

at present. Indeed, although certain authors have seen a strong 

myosis supervene under the influence of inhalations of nitrogen- 

protoxide,* or hypodermic injections of morphine,* the action of these 

agents upon the iris is as accessory as it is uncertain. As to the 
1 Krenchel, Arch. f. Ophth., xx., 1, p. 195, 1874, 


* Bordier, Journ, de thérapeutique, t. xxiii,, p, 885, 1876. 
* Von Graefe, H. Lawson, Med. Times and Gazette, vol. lii., p. 671, 1876. 
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changes by the accommodation, they are unknown and are, 
at all events, absolutely useless in practice, 


It still remains for us to say a few words concerning a phenomenon 
which generally aceompanies the action of myotics, Objects appear 
while the eye is under the influence of a spasm of accom- 
modation.' This macropia is very naturally explained by the fact 
that the effort of accommodation expended, in order to see distinctly, 
is less than when the eye is in its normal condition, Hence the 
individual is deceived as to the real distance of objects, He supposes 
them to be farther away than they are, and, since he refers his retinal 
image to an exaggerated distance—i.e, projects this image too far— 
the object must appear to him larger than it really is. 

It is to be noticed, before concluding, that the influence of all 
myoties, on the ciliary muscle, which we have always said to be 
independent of that which they exert upon the sphincter of the iris, 
persists even in cases of aniridis. 


Weaxxess, Panests, anp Paranysis of AccoMMODATION. 


Asa symptom of paresis of the common oculomotorius, the diminution 
or abolition of the accommodative faculty is met with in the most 
diverse affections, capable of provoking alterations either of the ciliary 
ganglion and its branches, or of the trunk of the third pair, or of its 
nuclei of origin. 

‘Thus Maingault,* Troussean® and Donders* Jong ago pointed out 
the absolute or relative weakness of the ciliary muscle in persons 
convalescing from, or long since cured of diphtheritic angina. These 
learned observers admit that the virus peculiar to this disease, 
localising iteelf in certain points of the nervous system, produces 
parilytic accidents which figure among its frequent sequelm, Recent 
investigations have confirmed their opinion, although it is still a 
matter of doubt as to whether the diphtheritic poison acts more 
especially on the nervous fibres (Buhl,’ Oertel,* Voelckers)," or on 
the ganglion cells of their nucleus of origin (Déjerine).* 

1 Dondews, Loc. eit, pp B14. 

* Maingeult, “De Ie paralynic diphih.,” Arch. yém de médy Parks ile, pps 285 and 
674, 1859 and 1860, 

* Troumeau, Clinique méd. de U'Héte-Diew, t, i, 1861. 

* Donders, Mollaeniisehe Beitragge &, Natur. w. Heilkunde, p. 10, 1861, 

# Buhl, Zeitachr, f. Biologie, Ba, iii, p. B41. 

* Geetel, Deutscher Arch. f. bin. Medicin, viti,, p, 242, 

* Voelckees, See Scheby-Buch, Arch. f. Ophth., xvii, p. 205, 1871, 

* Déjerine, Arch, de Physiol., 1878, 
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It is noticeable, too, that the most diverse throat affections, with- 
out being of a diphtheritic nature, may be complicated by paralysis 
of the accommodation (Hutchinson, Mooren).* 

Diphtheria is not the only infectious disease whose effects make 
themselves felt on the ciliary muscle. Typhoid fever, recurrent 
typhus* and articular rheumatism are cited in several observations 
as the alleged cause of accommodative paresis, whose genesis is 
doubtless the same as that just pointed out. 

If we pass from acute diseases to chronic constitutional changes, 
we meet, in the first place, syphilis, that universal cause of all the 
pathological lesions imaginable. Its injurious action on the apparatus 
of accommodation may arise either from a lesion of the centres of the 
common oculomotorius or, oftener, from the compression or destruction 
of the fibres of this nerve by an infiltration of its sheath, by gummy 
productions or proliferations of the periosteum. Alexander® has even 
found unilateral paralysis of the ciliary muscle in cortical syphilitic 
affections of the brain, and attributes to this symptom a certain un- 
favourable prognostic value. Hutchinson,‘ ou the contrary, has 
collected several examples of paresis limited to a single eye and 
attributable to a more peripheral lesion, that of the ciliary ganglion. 
Isolated paralysis of the muscles of accommodation and of the iris, 
called by that author internal ophthalmoplegia, is nearly always 
of specific origin; moreover, it is generally accompanied, later, by 
multiple manifestations in the other ocular nerves. 

Although we are as yet unacquainted with the nature of the 
nervous changes produced by diabetes, there are numerous examples 
demonstrating the influence of this anomaly of nutrition on the work- 
ings of the cranial nerves, especially of the third pair and the filaments 
of it destined for Bruecke’s muscle. Trousseau wrote, long ago, that 
accommodative disturbances might be the first symptom to reveal 
the existence of glycosuria. And, indeed, in many cases, it is the 
oculist who, led by a paralysis of one of the nerves of the eye to make 
an analysis of the urine, gives the first warning of this disease. 

Certain parasitic affections likewise produce paralysis of the 


+ Hutchinson, Ophth. Hosp. Rep,, p. 486, 1873, and Mooren, Funf Lustren ophth. 
Wirksamkeit, Wiesbaden, 1882, 

* Scheby-Buch, Bericht dber 88 Faclle v, Accommodationslachmung aus den Kicler 
Eliniken (Arch. f. Ophth., xvii p. 265, 1871). 

Alexander, Bert, kin. Wock., No. 21, 1878, and Deuteche med. Woohenschr., No. 

41, 1881 

« Hutchinson, Medico-Chirurg. Transact, lxi., and Med, Times and Gazette, April 
1878, It is doubtless in thia class of cases that we must place that of Sichel (Gaz 
dee Hop., p. 847, 1876), wherein the paralysis of scoommodation was accompanied by 
paralysis of the external motor oculi. 
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sen Among their number is trichinasis.* The functional 
disorders produced in the muscles from the invasion of their tissue 
by trichina are not sufficient to account for the participation of the 
ciliary muscle, inasmuch as these parasites have not yet been found 
in the unstriated muscles, It is still more difficult to explain the 
shellea of the accommodative faculty observed in certain cases of 
meute poisoning produced by the meat of raw sausages (Scheby-Buch,* 
Ulrich® and Kichenberg) or ¢ainted meat (Cohn).* 

Primitive lesions of the central nervous system, principally of the 
brain, are very frequently accompanied by paresis of the accommo- 
dation. They are then concerned with the nuclei of origin of the 
common oculomotorius or the trank itself of this nerve, which is 
changed by pressure, by inflammation or by destruction, Simple 
vascular disturbances in this region aré capable of producing a 
weakening of the accommodative faculty: anwmia or hyperimia is 
sufficient, without the oxistence of any more serious cause. 

It is to these anomalies of circulation that we are to refer the 
paralysis of the ciliary muscle observed in digestive troubles.* There 
is scarcely any other possible explanation for the strange case pub- 
lished by von Hasner,* in which a young girl was regularly attacked, 
at cach menstrual epoch, by a complete paralysis of the common 
oculomotorins, which disappeared at the end of three days, to be 
renewed at the following menstrual period. 

Tt need not be said that profound lesions in certain regions of the 
brain, in more or less direct relation with the third pair of its 
protuberance-nuclei,as well as increase of the intra-cranial pressure by 
a tumour, always manifest themselves by partial or total paralysis of 
the nerve of accommodation. It would be superfluous to enumerate 
all the spontaneous lesions and those of traumatic origin which enter 
into this category. It must be said, moreover, that, as in the case of 
spasm of the ciliary muscle, the general symptoms which they produce 
are of such gravity that accommodative disturbances often pass 
‘unpereeived in their midst. Let us cite, however, disseminated cerebro- 
spinal sclerosis ond, a8 an example of local lesions, the observation of 


* Foerster, in GracioSsemisch, Handbuch cer ges Augen. vol. vil, chap, xiii, 
pe ITD, 

= Bchoby-Buch, foe. eit. 

* Ulrich, Klin, Monatebi., p. 230, 1882. 

* Colin, Arvh. f. Augen, ix., 2, p. 148, 1880. See alvo Leber, Arch, f: Oplith, xvi 
2, po 236, 1680. 

* Cocotus, Die Heilanstalt, ac., Leipaig, 1870 ; Steffan, Nagels Jahresb, 1874, p. 25; 
Taber, Erkr, d. Auges bei Diab. mell., pp 318-322 (Acute diabetes following gastric 
‘eatageh) ; and Unterbarnsoheidt, Atin, een ses eae 

* Vom Hasnar, Arch. gén. de més, p. 732, 1883, 
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Cohn, in which a fracture of the base of the skull, by a fire-arm, had 
brought about a paralysis of the accommodation. H. Parinaud* has 
also observed this in a patient who had died of a cerebral tumour, 
which flattened, among others, the trunk of the common oculomotorius. 

Among spinal affections, locomotor ataxia is the only one that 
appears to give rise to accommodative paresis, owing to the frequent 
manifestations of this disease on the nerves of the eye. When the 
third pair is affected, it is natural that the ciliary muscle should suffer 
in its contractility. 

Only two observations exist in which compression of the sympathetic 
has been accompanied by a weakening of the power of accommodation. 
They are those of Eulenburg* and Warner.‘ Eulenburg’s case was 
one of irritative lesion, and Warner's one of paresis of this nerve. 
These contradictory data furnish a presentiment of the obscurity 
which still reigns concerning this point. According to Eulenburg, the 
intra-ocular tension, increased under the influence of the excitation of 
the sympathetic, opposes itself to the bulging of the crystalline sur- 
faces when the zone of Zinn is relaxed. 

Hutchinson’s* case, in which a sudden and transitory paralysis 
was seen to develop as the result of great fear, remains unexplained, 
unless we resort to the hypothesis of vaso-motor disturbance, or a 
peculiar action of arrest exerted upon the accommodative centre. 

We have already had occasion, when speaking of accommodative 
asthenopia, to call attention to the unfavourable influence of a state 
of poor health upon the energy of the ciliary muscle. Any cause, 
capable of impeding nutrition and determining a general depression of 
strength, will therefore find an echo in the accommodative faculty. 
Thus it is not surprising that weakness of the accommodation should 
have been pointed out in essential anemia, and in a multitude of other 
symptomatic anemic conditions, such as that which succeeds acute 
diseases,° or which is provoked by lactation,’ alcoholism,® venereal 
excesses, masturbation,® wlerine lesions,” abundant hemorrhages," &. 

Let us point out, finally, among the peripheral nervous affections, 
neuritis of the ciliary terminations of the common oculomotorius, 

t Schussrerletsungen des Auges, p. 6, 1872. 

2 Parinaud, Arch. de Newrol., vol. v., No. 14, p. 145. 

* Eulenburg, Berl. Klin, Wochenschr, pp. 169-172, 1878. 
4 Wamer, Brit, Med. Journ. April 1877, 

* Hutchinson, Ophth, Hosp. Rep., vil., p. 38, 1871. 

* Coocius, Die Heilanstalt f. arme Augenkranke, dc., Leipsig, 1870. 
1 Hutchinson, Ophth. Hosp. Rep., vii. p. 88, 1871. 

* Romite, Rec. Cophth., p. 38, 1881. 

* Landesberg, Med. Bulletin, iii., No. 4, 1881. 

+* Mooren, loc. cit. 

11 Rampoldi, Ann. di Ottalm., xi, p. 818, 1882. 
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which, in a case of von Hasner's, accompanied an eruption of herpes. 


fested in the ciliary muscle. 

It is doubtleas to local changes of these nerve endings, or of the 
tissue iteelf of the ciliary muscle, that we are to refer the accommodative 
paresis occurring as a consequence of ¢raumatisms of the eye or of the 
orbital region.* Perhaps it must also be brought in to explain the 
paresis which has been observed in aympathetic ophthalmia,* in 
glaucoma and in neuralgia of the dental ramifications’ of the second 
branch of the trigeminus, 


Diagnosis,—Whatever may be its provoking cause, partial or total 
paralysis of the ciliary muscle, regarded by itself and without respect 
to any other concomitant lesion, announces itself by one constant 
functional trouble, viz, the diminution or complete abotition of the 
amplitude of accommodation, in consequence of the recession of the 
punctum proximum from the eye, or its absolute coincidence with the 
punctum renotum. The latter generally undergoes no displacement,* 
Static refraction remains the same, while the dynamic refraction is 
enfeebled or annulled. 

This is followed by visual disturbances, which differ according as 
to whether the patient is emmetropic, myopic, hyperopic or astig- 
matic. They must evidently resemble those which also accompany 
the physiological diminution of the amplitude of accommodation 
(see p. 177). They are to be distinguished from the latter by their 
not corresponding to the age of the patient, and frequently also by 
their sudden appearance, The physician will, therefore, suspect a 
paresis or a paralysis of accommodation, as soon as it is shown that a 
person, who formerly had good vision for near objects, can now ace 
well only in the distance, or when a young myope can no longer change 
his range of vision; when a supposed emmetropia or a facultative 
hyperopia is unexpectedly converted into an absolute hyperopia, or 
when astigmatisin is suddenly developed. 

+ Von Hasnor, Allg. Wiener med, Ztg., 7. 120, 1873 and von Arlt, Klin Monatstl., 
938, 1877. 

* Harlan, Amer, Journ. of the Med. Sts, vol. xi, pp. 190140, 1871; Hirschberg. 
Klin. Besbachtungen, pp. 98-38, 1874, 

* Cuignet, Kec. @Ophth., p. 183, 1878. 

# Schmidt-Rimpler, Arch, f, Ophth., xiv,, 1, p, 107, 1868. 

* Tneobwon and Weiss (Arch. f- Ophih., xxiv. 9, p. 298, 1878) have observed the singular 
fact that, during dipbtheritic paralysis of tho scoommodation, the refractive condition was 
notably inferior to that possessed by the ame persous, before or after recovery, under 
the influence of atropine. The proof, that this diminution of refraction ia not attribute 
able to more complete inertin of the ciliary muscle in the former eave than in the latter, 
lies im the fact that, while diphtheritic parslysis was at its height, the mydriatio man- 
tioned was still capable of causing a very sensible rocemion of the punctim rematum, 
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The absolute and unmistakeable means of recognising this trouble 
is found in the direct measurement of the amplitude of accommoda- 
tion. We have spoken of the different methods (pp. 275 et sq.). If 
the amplitude of accommodation is found not to agree with the age 
corresponding to it—that is to say, should it fall below it—then the 
diagnosis of paresis of accommodation may safely be made. But 
should there be absolutely no power of accommodation present—that 
is to say, should the eye be reduced to its minimum of refraction— 
the patient being able to see distintly only at a given distance, that of 
his punctum remotum, and that at an age when he ought still to 
possess a certain power over his lens to allow him to alter its state of 
refraction—then there exists a paralysis of accommodation. Donders’ 
diagram (p. 174) corresponds so perfectly to the natural condition of 
things, that, in every case where the amplitude of accommodation is 
less than is indicated thereon, we may safely diagnose a weakness of 
accommodation, and, in case of any considerable difference, we may 
admit a paresis of this function. 

If this has been firmly established, it will then be necessary to 
discover its cause. Anamnesis will generally disclose one or the other 
of the etiological circumstances mentioned above. In most cases we 
will have to do with young people recovering from a diphtheritic 
affection, or those who are anzmic, either from a weak constitution or 
on account of bad hygienic conditions, We attach no importance to 
certain objective phenomena, such as mydriasis, ptosis or a paralytic 
deviation, since they may be lacking in paralysis of the ciliary 
muscle,? and may exist in its absence. 

But it is important, from a prognostic point of view, not only of 
local changes, but even of those of the entire organism—it is im- 
portant, we repeat, to ascertain as accurately as possible the cause of 
this functional disturbance, and the seat of the lesion which provokes 
it. In such cases, the ophthalmologist ought to prove himself familiar 
with general pathology, and with all the methods of examination it 
possesses. It will generally be easy to find out whether or not the 
patient has had diphtheritic or simple throat affections; if there are 
syphilitic antecedents ; if he is threatened with some serious affection 
of the central nervous system ; or if he has only been exposed to in- 
fluences injurious to health, whether in his alimentary regimen, in 
his habits or in other hygienic surroundings. Even the previous 
existence of an acute infectious disease could not be ignored. 


1 Jacobeon, Maingault, Scheby-Buch, and others besides, have not observed pupillary 
disturbanoes in diphtheritic paralysis of the accommodation. According to the same 
authors, the ooincidence of paralysis of the extrinsio muscles is rare, 
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Tf this information is lacking, or is insufficient, the doctor will not 
hesitate to resort to an attentive and thorough examination of all the 
patient’s organs and functions, He will scrutinise his general facies, 
his digestive organs, the disturbances which he may prosent in goneral 
motility, or sensibility, or in the special senses. He will examine his 
urine for albumen and sugar, He will devote himself especially to a 
circumstantial examination of the eye, its motility, the width of the 
palpebral slit, the diameter and reaction of the pupil, and the retinal 
functions—all these are notions of capital importance to acquire in 
order to get an idea of the point, in the course of the common oculo- 
motorius, which may be compromised. It would not be consistent 
with ourplan to give, in this place, the symptomatology of all the 
nervous or general diseases which may abolish the accommodative 
faculty. We will content ourselves with calling the reader's attention 
to the 20 frequent coincidence of paralysis of the velum palati in con- 
valescence from diphtheria. This paralysis may, moreover, extend to 
the members, and even to the muscles, of the trunk, in which casa 
life is seriously threatened. It is remarkable that, of all the termi- 
nations of the common oculomotorins, it seldom affects any other than 
the ciliary ramifications, 

‘The etiological diagnosis having once been made, the prognosis 
readily follows from it. It is well established that diphtheritic 
paralysis, when it does not extend to regions that are important for 
the preservation of life, is certainly cured in a few weeks. The same 
consoling assurance may be given to the patient who presents himself 
with symptomatic anwmia due to some dietetic vice, or consecutive 
upon an acute infectious disease. One must be more reserved in the 
presence of a chronic intoxication, or a disease of long duration, such 
as syphilis or dinbetes. The reader doubtless knows numerous and 
brilliant successes obtained, in certain syphilitic nervous affections, by 
4m enorgetic mixed treatment, But it is none the less true that there 
ar too many cases in which this medication ix powerless, and wo 
have seen that syphilitic paralysis of the accommodation is often the 
prelude to a serious and incurable alteration in the nervous centres. 
Finally, every one knows the sad fate reserved for ataxic patients and 
the victims of disseminated sclerosis or ccrobral tumours. 

As in every other muscular paralysis, electric irritation might here 
farnish us with valuable hints as to the prognosis, if it were appli- 
cable to Bruecke’s muscle. Fortunately, however, we possess, in 
myotics,a reactive which is almost as convenient and sure. Gene- 
rally speaking, whenever the ciliary muscle responds, through a period 
of some length, to the excitation produced by this agent, the prognosis 
of its paralysis is favourable. 


be 
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Treatment.—Although curable paralysis of the accommodation 
disappears in most cases spontaneously, it is none the less beyond 
doubt that local treatment may sometimes hasten the recovery. 

If we do not speak specially of general medication, it is because 
the latter is a matter of course in every case where it is applicable to 
the cause of the accommodative weakness. It is self-evident, for in- 
stance, that one will prescribe strengthening hygiene and tonic 
remedies for every person in whom nutrition is defective. This rule 
is especially applicable to patients convalescing from diphtheritic dis- 
eases, who are generally very greatly debilitated; they are to be put 
upon a nitrogenous, reparative diet; one will procure for them, if pos- 
sible, the benefits of the pure air of the country, of the mountains, or 
of the sea-side ; they will be recommended to rest their eyes and to 
take an amount of bodily exercise commensurate with their strength. 
Ferruginous preparations will accelerate the regeneration of the blood 
corpuscles, and bitter tonics will restore the digestive powers. 

Suppose one has to do with a syphilitic patient, who is the victim 
of tertiary lesions. Besides the above prescriptions, which cannot but 
be beneficial to any cachectic patient, the physician will institute an 
energetic treatment by means of mercurial inunctions and iodide of 
potassium in large doses. The diabetic patient's diet will be minutely 
regulated, and one will make use, in the case of unfortunates who are 
the prey of sclerosis of the central nervous system, of the uncertain 
resource of thermal medication, hydrotherapy, revulsives, electricity 
and subcutaneous injections of strychnine. 

‘We have said that one may greatly hasten the favourable termina- 
tion of accommodative paralysis by acting directly on the ciliary 
muscle itself or on the nervous twigs contained in it. Several valu- 
able observations demonstrate,’ indeed, that the instillation of a col- 
lyrium of eserine notably abridges the duration of the recovery. It 
is necessary, however, to guard against using this remedy in a con- 
centrated solution, or requiring of it the maximum effect from the 
outset. One should not lose sight of the fact that eserine here takes 
the place of the faradisation applied to the other muscles of the body, 
and that, like the latter, when imprudently administered, it may 
destroy the vitality of the paralysed muscle, instead of restoring and 
sustaining it until the normal innervation returns. A drop of a solu- 
tion of 1 to 500 is to be instilled once aday. If the injurious action 
of this drug on the conjunctiva is feared, one may resort to pilocarpine 


1 See, among others, Mans, Ktin. Monatatl., viii, pp. 246-246, 1870. ‘Stammeshans, 
Ueber die Functionsstorungen d, Auges nach Ang. diphth., Inaug. Diss, Boan, 1870. 
Woinow, Med, Bote, p. 301, 1875, Badal, le Monit, méd., March 1877. 
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(ona per cent,), which, according to Georges,* will act even in cases 
wherein the alkaloid of Calabar remains impotent. 

Tn cases in which it is desired to still further accelerate the 
recovery of the patient, one may have recourse to the local applica- 
tion of electricity. Duchenne recommends farmdisation, which he 
practises by placing two small metallic electrodes at the extremities 
of the horizontal diameter of the cornea, about three millimetres from 
the border of this membrane. Some electro-therapeutists fear the 
action of faradic currents on the nervous apparatus of the eye, and 
consequently advise that only continued currents be employed for 
this organ. ‘he positive pole is then applied opposite the first 
cervical ganglion of the sympathetic (immediately below the mastoid 

}) and the negative pole to the closed eyelids, ‘The current, 
of from eight to twelve elements, is kept up for two or three minutes, 
and any interruption of it is to be avoided (Onimus).* 

Because of the great authority of the savant who has extolled it, we 
ought to mention also Coccius’* treatment, which consiate of instilling 
in the eye a few drope of a solution of camphor (1 to 300). We have not 
had sufficient personal experience as to the value of this medicament. 

Finally, the specialist may be called upon to pronounce upon the 
advisability of a palliative optical treatment of paralysis of the accom- 
modation, When this affection is recent and bilateral, it is best, in 
the beginning, to allow the eyes perfect rest, and only to protect, by 
means of smoke-glasses, the retina, which is exposed to the exag- 
gerated illumination resulting from mydriasis. After awhile, we may 
permit a return to the usual work and assist the reviving powers of 
the ciliary muscle by means of the glasses appropriate to the patient's 
refractive condition. When the paralysis is of long standing, and 
there is no hope of curing it, there is no reason why the subject should 
not be treated as in the case of the physiological diminution of the 
accommodation, and the suitable working-glass prescribed for him. 

‘There is nothing easier than to adapt an eye, which is deprived of 
‘cof accommodation, to any desired distance, We remember, indeed, 
that it is precisely the dynamic refraction which often complicates 
the determination of the state of refraction, as well as that of the 
working-glass, Here we have only to reckon with the static refrac- 
tion and that required for the desired distance, The number of the 
necessary glass will be represented by the difference between these 
two, We have only to remember that the hyperope’s refraction is 





ges, Fn Datos: Wik. Joorendi ond. Spine popu Ast, 
1875, 






Tnavg. Dimert, 
Bee Webster, Pht. Mat. Times, Oot. 24, 1874. Camuset, Gas, des hép., p. 209, 1874, 
* Cocoius, Tagebl, der deutschen Naturf.-verssmml, in Leipzig, p. 178. 
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negative while that of the myope is positive, like that demanded for 
any finite distance. Examples of this may be dispensed with here. 
‘What has been said in this connection on page 181, as well as in 
the clinical chapters on hyperopia and myopia, suffices for the 
guidance of the reader in selecting the glass necessary for an eye 
deprived of accommodation. 

When the paralysis of the ciliary muscle is not complete, one will 
determine, first of all, the amplitude of accommodation, and prescribe 
the glass which will leave the patient the quota required for continued 
work, This quota will generally need to be pretty large (about one- 
third or more), as we have previously had occasion to show. 

When the paresis or paralysis is unilateral, and the other eye 
works normally, it is often difficult to make both eyes work together. 
The correcting-glass of the affected eye changes the size of its retinal 
images, so that they are not always readily fused with those of its 
fellow. Moreover, they are distinct, for binocular vision, for only one 
single distance, as well when the paralysis is incomplete as when it 
is total, while the other eye enjoys a range of distinct vision which 
corresponds to the patient's age. The physician then finds himself 
in a position similar to that which he occupies when dealing with 
anisometropia. In default of absolute rules, which it is impossible 
to formulate, he must be guided, in selecting optical correctives, by 
his own judgment, and not disregard the patient’s appreciation of the 
glasses tried. 


MYDRIATICS. 


The accommodation can be artificially paralysed by certain sub- 
stances which, at the same time, dilate the pupil. The latter effect, 
which is more apparent and was also earlier recognised than that on 
the ciliary muscle, has won for such substances the name of mydriatics. 
They are all strongly toxic, and are used in the form of collyria or 
ointments ; or small bits of gelatine or paper are soaked in them and 
introduced into the conjunctival sac. 

The four most active mydriatics are alkaloids of the solanacee 
which bear the greatest resemblance to each other in their chemical 
composition and physiological action. We use the soluble salts which 
they form with sulphuric, hydrochloric, salicylic or hydrobromic acid. 

These are : 

1. Atropine, obtained in 1831 by Mein from Atropa Bella- 
donna, and prepared in a pure state by Geiger and Hesse 

+ Van Swieten (Commentoria in Boerhavii Aphoriemor, t. iii.) had already mentioned 
the influence of belladonna on the pupil. Himly (Goetting. gelehrte Anzeig., 1800) dis- 
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in 1833; and homatropine, a derivative from atropine, dis- 
covered by Ladenburg ; 


2. Duboisine, extracted by Gerard and Petit from Dudoisia 


smyoporcides ; 

3. Hyoscyamine, an alkaloid of Hyoscyemus niger, discovered by 
Geiger and Heese in 1833, 

Daturine, which Geiger and Hesse have extracted from the leaves 
and seeds of Daturia stramonium, is identical with atropine. 

Duboisine and hyoseyamine are aleo conaidered identical by von 
Planta and Ladenburg, Hence there exist, essentially, only two 
mydriatic alkaloids furnished by the solanacee, atropine and hyoseya- 
mine ; these two substances are also isomeric, It is scarcely worth 
while to make special mention of hyoscine, which differs from hyoscy- 
amine only in its slight solubility, as a double chloride which it forms 
with gold. A mydriatic which does not belong to the family of the 
the solanacew is: 

A. Gelsemine, a resinous substance extracted by Wormsly from 
Gelsemium sempervirens (Aiton, Apocynacer), from which 
the chemist has obtained the hydrochlorate of gelsemine. 
‘This salt, as well as the sulphate of gelsemine, is applicable 
in the form of a collyrium. 


All of these mydriatics, when introduced into the conjunctival sac, 
filter through the cornea and have the effect, when employed in a 
certain concentration—(1) of dilating the pupil, and rendering it im- 
mobile ; (2) of wholly paralysing the accommodation. 

‘There is, therefore, an essential difference between the action of 
the mydriatics and that of their antagonists, the myoties, The latter, 
although they reduce the pupil to a diameter which is much less than 
the smallest that it presents in a physiological state, do not, however, 
deprive it of all mobility : in the samo way they always allow a certain 
contractility of the ciliary muscle to persist, They act at once on the 
prnctum remotwm and punctum proximum, bringing both these points 
nearer the eye, without, however, making them coincide, i,¢,, without 
abolishing the amplitude of accommodation. Mydriatics, on the con- 
trary, have their influence solely on the punetum proximum, which 
they cause to gradually recede from the eye until its position is 
identieal with that of the yumelum remotum in the complete paralysis 
of the ciliary muscle, the nullification of the accommodation and the 
reduction of its amplitude to zero, 
covered the mydriatic action of hyoseyamus, and goneralised the use of these substances in 
ophthalmology. Wells (Philosph. ‘Transactions, vol. i, p, 278, 1813) studied more 
particularly their infinence an the accommodation (Denders), 
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In order to have a better perception of the action of a mydriatic 
let us consider the two diagrams (Figs. 146 and 147), which we have 


ao 


AxcORMODATION, 


See ee a 


DEAMETRR OF THR TORT. 





Fra, 148, 


borrowed from Donders* work, and adapted, as in the former instance, 
to the metric syatem. They represent the influence of a drop of a 
solution (1:120) of the sulphate of atropine on the accommodation 
(upper portion) and on the diarneter of the pupil (lower portion), 

The figures at the left, above the zero, stand for dioptrios; the 
curve ppp corresponds to the maxitnum of refraction (punctem pron 
mum), the line rrr to the minimum (prenetw remotum). Hence 
the divisions, included between the two, give the amplitude of 
accommodation. 

‘The figures along the borizontal, opposite zero, indicate the time 
elapsed since the instillation—in minutes for Fig. 146, in days for 
Fig. 147. 

The figures at the left, below the zero, indicate, in millimetres, jhe 
diameter of the pupil, whose variations are represented by the curve ddd, 

It will be seen (Fig. 146) that the pupil commences to dilate at 
the end of twelve minutes, and that, in twenty-four minutes, the 
mydriasis has reached its maximum, which it maintains for mons 
than a day. It returns but slowly and gradually to its normal 
diameter and physiological mobility—that is to say, at the expiration 
of about thirteen days (Fig. 147) 

Accanling to Donders’ text, the diminution of accommodation 
begins to make itself folt somewhat later than the mydriatic influence, 
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But it is, above all, the maximum effect on the ciliary muscle—the 
complete parilysis of accommodation—which is attained noticeably 


ee ee ee 


Fia. 147. 


later than absolute mydriasis. At the end of three minutes, the 
curves p and r coincide, thus marking the loss of accommodative 
power. In the experiment cited this effect persisted more than 
thirty-six hours (Fig, 147) and then disappeared more, promptly than 
the mydriasis, as is indicated by the rapid ascent of the curve ppp 
(Fig, 147). 

The line ry was not changed, but remained strtight, since this 
drug has no influence on stati s refraction, The fact that it does not 
coincide with the zero abacissa, but is above it, shows that the person 
examined, Dr. Hamer, was slightly myopi 

The same experimenters have also made the following most 
interesting observa 

When the eye is un influence of the mydriatic, without its 
ciliary muscle being entirely i 


behaves like that of a myope. The amount of accommodation brought 


into play is always less than the amount of convergence accompanying 
it, Donders cites the following ul “Thus, Mr Hamer, on tho 
sixth day, found that, while wi Y 

had not been subjected to instillatio 

accommodation came into play, the eye 

operation attained only a fifth of whs 

of at the maximum of converges 


® Donders, foc, cit p. 588, 
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Now, in order to see at 9"—that is to say, at approximately } of a 
metre, one requires 4 metre-angles of convergence and 4 D of positive 
refraction. The amplitude of accommodation of the eye not sub- 
jected to the mydriatic was doubtless the same as that of the other 
before the experiment, i, about 6 D (Fig. 146). With a myopia of 
nearly one dioptry, it would need, in fact, half of its amplitude, or 3 D, 
to adapt itself to the desired distance. With this convergence, the 
atropinised eye brought into play only a fifth of its amplitude of 
accommodation, or 1 D. Indeed the diagram, Figure 147, shows that, 
on the sixth day, the amplitude of accommodation amounted to 5 D. 

It will be remembered that the reverse is true of myotics, which 
increase the excitability of the ciliary muscle to such an extent that 
accommodation always greatly exceeds convergence. 

Another phenomenon, likewise the opposite of that provoked by 
myotics, is the micropia which manifests itself under the influence of 
mydriatics: objects appear smaller to an atropinised eye, because the 
abnormally great effort of accommodation, required for distinct vision, 
degets the supposition that they are nearer than is really the case, 
In projecting its retinal image to so short a distance, the eye neces- 
sarily judges objects to be smaller than they are.’ 

The excessive dilatation of the pupil of one eye causes, on account 
of the dazzling which results, the contraction of the pupil of the other 
eye. For the same reason, objects appear much brighter to the first 
eye than to the second. 

Myosis in one eye does not produce mydriasis in the other. How- 
ever, the brightening of objects is, in this case also, in relation with 
the diameters of the two pupils. The weakest solution of the sulphate 
of atropine, a drop of which will still produce mydriasis, is, according 
to Jaarsma,* that of 1:80,000. A drop contains only 0-000,000,8 of 
a gramme of the substance; the effect commences to show itself at 
the end of an hour and lasts twenty-four hours. The weakest solution 
capable of paralysing the accommodation, is, according to the same 
author, in the strength of 1:1200. The duration of its action is 
likewise twenty-four hours, while it manifests itself for ninety-six 
hours in the pupil. 

It is well to call attention here, however, to the fact that these 
authors experimented on normal eyes, which responded to the tests to 
which they were submitted with a promptness which left nothing 
to be desired. The case is quite different in pathological conditions. 
We occasionally meet with more recalcitrant ciliary muscles, and with 
spasms of accommodation which a much stronger solution of atropine 


1 Donders, Nederlandsch Lancet, t, vi., p. 607, 1851. 
» Tnarama, loc. cit., p. 68. 
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requires days, and even weeks, to overcome. Leaving ont of the 
question synechiae and extensive adhesions between the iris and the 
crystalline, which oppose the dilatation of the pupil, the latter is 
obtained with greater or less facility according to the contractility of 
this membrane, the energy of its muscles and of its innervation. 

‘The salt of atropine most commonly used in practice is the 
audphate, The suticylate is, however, preferable, for, although it is 
hygroscopic, a solution of it keeps unchanged for a very long time. 
‘Two parts of the sulphate of atropine are equivalent in their action 
to threo parts of the salicylate, inasmuch as the same proportion of 
the base is contained in each of these quantities. 

Pettorelli* has lately recommended the use of a substance which 
he calls nitro-atropine. Tt is obtained by submitting atropine to 
fuming nitric acid, and adding an alcoholic solution of caustic potash. 
A similar product, aitro-datwrine, is also prepared from daturine, 
‘These two substances have the same effects as the original bases. 

‘The ordinary solution of the sulphate of atropine contains 5 centi- 
grammes of this salt to 10 grammes of distilled water. This con- 
centration is amply sufficient for most cases, It is even well to 
weaken it a little for children who are subjected to prolonged 
atropinisation, in treating 4 spasm of the accommodation or hyperopic 
convergent strabismus. A solution, diluted by one-half, will be per- 
fectly suitable for such cases. Tt is only in exceptional conditions 
that we shall find ourselves obliged to resort to stronger doses, as when 
it is a question, for instance, of breaking up tenacious synechie, 

Tt is best to observe certain precautions in the use of atropine and 
mydriatics generally, especially in the treatment of infants. Instances 
of general intoxieation, produced by these substances, are not rare, and 
may take on a most alarming character, Kugel* has published a case, | 
oftachild, in which death resulted from atropine instillations, Several | 
other authors have cited unpleasnnt experionces, whose issue was, 
however, more favourable,and almost every specialist has encountered 
them in his practice, A very weak solution (0°1-0-4 per cent.) is 
often sufficient to provoke these unpleasant accidents® in certain 
subjects who are evidently idiosyncratic, relative to the alkaloids of 
solanncem, It is well to be warned of this complication, which may 
‘be effectively treated by subcutaneous injections of morphine (0:01 - 
003) (Kugel, Hedler,* Beauvais), or of pilocarpine (0°02 pro dest) 

| (Juhasz).* 











4 Pettorelli, Comypte rendu die Congrés internat. de Milan, 1881, ps 208, 
* Kugel, Arch. f. Ophth., xvi, 1, p. 945, 1870. 
* Beauvnls, Ann ohyy. publ. t de mac. Ui. Janvier 1881. 
| * Hatlor, Beri. Hin, Wook,, p, 471, 1875, 
* Juhaar, Klin, Monatell,'p, 82, 1352. 
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Another inconvenience, though one less to be feared, in connection 
with the use of atropine, consists in its injurious effect on the con- 
junctiva, After a prolonged use, sometimes even after a few instilla- 
tions of this drug, there appears a conjunctivitis, which, from a simple 
catarrhal inflammation, may sometimes increase until it resembles 
trachoma, with corneal pannus. Certain persons, whom a special 
predisposition renders peculiarly sensitive to the influence of atropine, 
are liable to be attacked by an eczema of the lids, or even by a 
phlegmonoid swelling of the entire periorbital region. 

The genesis of these accidents has been the subject of much dis- 
cussion, They have been attributed to chemical impurity of the 
alkaloid, to its acid or alkaline reaction, or to micro-organisms (fungi) 
which are developed in solutions of it. Starting with this last idea, 
Kroemer? even advises that these solutions be saturated with boric 
acid, and that, moreover, a small quantity of carbolic acid (1:1000) 
be added.* The liquid, thus treated, is said to remain transparent 
for an indefinite length of time, and to be inoffensive to the mucus 
covering of the eye. But Schenkl* opposes to this assertion the 
statement that ointments of atropine with vaseline, although giving 
rise to no parasitic vegetation, nevertheless produce the conjunctivitis 
mentioned.‘ 

However this may be, we should always assure ourselves, by 
testing it with litmus paper, of the absolute neutrality of a collyrium 
of atropine that we are going to use, and we ought to be careful to 
use only fresh solutions. If the conjunctiva becomes irritated, the 
employment of this preparation would better be suspended, and 
duboisine substituted, which is generally better tolerated, although it, 
too, is far from being perfectly innocuous. 


Homatropine is a product obtained by causing hydrochloric acid 
to act on the cyanate of tropine. It has the appearance of an 


1 Kroemer, Corr.-blatt f. Schweiser-Aerzte, No. 19, 1881. 

* A small quantity of salicylic acid (1 :2000) may be added to solutions of atropine, 
care being taken to use, for the solution, water which is chemically pure, and, above all, 
free from ammonia, 

* Schenk, Prager med. Wochenschr., vii, p. 61, 1882. 

« Green (hans, Amer. Ophth. Soc., p. 375, 1875), advises the solution of atropine in 
castor oil. He says that it keeps very well in this liquid without soquiring irritant 


Properties. 

* The salts of atropine and of the various mydriatics, and the bases themselves, as 
found in trade, are far from being ss constant as might be desired. The preparations 
told are often only # mixture of several of these substances together. Consult, with 
regard to this matter, the investigations of Ladenburg, loc. cit., those of Regnault and 
Valmont (Archives gén, de méd., Jan, 1881), and the review of these works in Nagel's 
Jakresbericht, p. 261, 1881. It will be seen that it in important to know whence comes 
the product which we use. 
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oleaginous liquid, The readily crystallisable salt which it forms 
with hydrobromic acid is the only one used in medicine. Its effect 
is quite similar to that of atropine. Its action on the accommodation 
and on the pupil is as energetic as that of the latter; only it manifesta 
itself more promptly and disappears eooner. 

Tweedy found that a solution in the strength of 1:125 caused 
mydriasis in twenty minutes. This had disappeared entirely at the 
expiration of twenty-four hours, as had also the total paralysis of the 
accommodation, which the medicament had produced.* Schiiffer* and 
Goetz obtained the same results; the action of a half per cent. 
solution of atropine lasts six or eight times as long as that of a one 
per cent. solution of homatropine, 

According to Segura,* homatropine did not increase intra-ocular 
tension, in several cases where atropine produced this annoying 


symptom. 

Schell® thinks homatropine ill adapted to continued use, on 
account of the irritation of the conjunctiva which it provokes, while 
he considers it recommendable when it is a question of simply ex- 
amining the eye. A three per cent. solution, which is well borne, is 
said to bring about a maximum mydriasis in twenty minutes, paralysis 
of the accommodation in half an hour, and its influence disappears in 
from ten to thirty hours. 


2. The sulphate or the sulicylate of dudoisine possesses a more 
energetic action than atropine, According to Jaarsma, a solution in 
the strength of 1:1,200,000, containing 0:000,000,054 gr—ia, 54 
billionths of a gramme of this substance—produces, in an hour and 
quarter, a mydriasis which lasts twenty-four hours. 

The same quantity of a solution in the strength of 1:3000 deter- 
mined a paralysis of accommodation, which persisted twenty-four 
hours, The accompanying mydriasis ceased only at the end of seventy- 
two hours, 

Norris has found that a four per cent. solution of duboisine causes 
mydriasis in from twelve to eighteen minutes, while atropine, in equal 
concentration, required from twenty-five to thirty minutes to produce 
the same effect. Paralysis of the accommodation is complete, for du- 
boisine, at the end of from thirty to fifty minutes, and at the end of 
eighty to a hundred for atropine, 


* Tweedy, Lancet, 1, p. 795, 1880. 

* Sohdifer, Arch. f. Augenheith:, p. 186, 1880, 

* Goote, Kiet Thesis, 1880, 

* Segura, Clinion de Malaga, iii p. 7% 1882 

* Schell, Speeialint and Intellig., Philad., i., p. 92, 1880, 


568 CLINICAL PORTION. 


On the whole, all authors agree that the action of duboisine is 
prompter and more energetic than that of atropine. The former has, 
moreover, the great advantage of irritating the conjunctiva less than 
the latter. Hence this drug is of great service in cases where atro- 
pine is not well borne. On the other hand, it seems to cause general 
toxic symptoms more easily than the latter. 

The sulphate of duboisine is the preparation of it that is generally 
used: but here again the salicylate is preferable, because of its greater 
stability and its comparative innocuousness for the conjunctiva. 


3. Hyoscyamine, and the compound with which it is isomeric, 
are as yet little known, and not much used in therapeusis. The ex- 
tract, employed by the first experimenters, seems to have been very 
unstable or very impure, since the results obtained differ with different 
observers, and even from one experiment to another. 

In the thesis of Miss Simonowitch,* who very nicely summarises 
the history of this medicament, adding also new researches and re- 
flections, she says that the gelatine discs saturated with hyoscya- 
mine (prepared by Messrs. Morson, Merk, Sittel and Heberlin) have 
proved less efficacious than atropine; but that the former may be 
advantageously substituted for the latter in chronic iritis, when 
atropine ceases to be well borne. 

The case seems to be different with the sulphate and the hydrio- 
date of hyoscine lately prepared by Merk. Risley? finds, for the 
former of these salts, an action which is quite similar to that of du- 
boisine. A drop of a one-third per cent. solution will paralyse the 
accommodation for from seventy-seven to one hundred hours. 
Emmert,‘ who has experimented with the second of these salts, thinks 
its action prompter and more energetic than that of the sulphate of 
atropine or duboisine, used in like doses. A solution in the strength 
of 1:1000 is declared to suffice, in most cases, to cause mydriasis and 
paralysis of the accommodation. The conjunctiva, as well as the 
general system, bears it well. Hirschberg® contests its innocuousness, 
although he admits that the action of this drug is more powerful than 
that of the other mydriatics. 


The sulphate of daturine has been specially examined by Doijer 
and Jaarsma. They find that a drop of a solution of 1: 160,000, ic, 


1 Ringer, Pract., p. 247, 1879. 

* Rosa Simonowitch, Berne Thesis, 1874. 

3 Risley, Amer, Journ. of the Med. Sciences, No. 161, 1881. 
+ Emmert, Corr. batt f. Schweizer-Aerste, No. 2, 1882. 

* Hirschberg, CentralBlatt f. pract. Augenkeilk., Feb. 1881. 
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0/000,000,04 of a gramme of this substance, suffices to dilate the pupil 
at the end of an hour, and that this effect persists twenty-four hours. 

A drop of a solution, in the strength of 1:2000, paralyses the ,, 
accommodation for twenty-four hours, while the accompanying 
mydriasis lasts ninety-six hours. 

We have seen, moreover, that daturine and atropine must be 
regarded as identical. 

Oliver," on comparing the action of the sulphates of daturine and 
Ayoseyamine, finds that 0:00135 of a gramme of either of these salts, 
instilled in a healthy eye, suffices to dilate the pupil to the maximum 
and to paralyse the accommodation. Both these effects are of tardier 
appeanince and disappear sooner for daturine than for hyoseyamine, 
According to this author, hyoscyamine very easily produces genera) 
troubles, even after a single instillation, 

4. The action of gelsemine has also been studied by Jaarama.* He 
used the sulphate, seven and ten per cent, solutions of which were 
ingtilled into the eye. The effect of this drug proved very variable in 
different persons. In one case the position of the punetum proximum. 
was scarcely changed, while in another the accommodation was entirely 
paralysed at the expiration of two hours and a half, under the influence 
of a drop of the same solution (20 per cent,), 

Tho same is true of the other symptoms accompanying the inatilln- 
tion of this mydriatic, Some of the persons examined hardly felt 
more than 4 slight smarting of the conjunctiva after the instillation, 
while, in others, it provoked a very marked congestion, which was, 
however, only transient; others, again, whose conjunctive had borne 
a 20 per cent. solution very well, had, at the expiration of fifteen 
minutes, a very disagreeable bitter taste in the mouth, accompanied 
by nausea. 

‘The uncertainty of its action and the facility with which it pro- 
yokes general symptoms, render gelsemine unsuitable for practical 
use. Perhaps it could be utilised in some other form or in a state of 
greater purity. 


‘Tue ANTAGONISM BETWEEN Myprtatics Avp Myorics, 


Atropine and eserine, as well as the substitutes for them, having 
directly opposite physiological actions, it is interesting to inquire how 
those two agents behave when used together; whether it happens that 
they are mutually neutralised ; whether the action of one totally effaces 

= Ch. A. Oliver, “ The Comparative Action of Sulphate of Daturia and of Sulphate of 

‘upon the Eris anc Ciliary Muscle” (Amer. Journ. of the Med. Seiencen, July 1892). 
* Trarvins, loc. cit,, p. 61. 
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that of the other; or whether both manifest their power, although 
in unequal degrees. 

The opinions of experimenters hardly agree on this point. Ross- 
bach seems to be alone in claiming the absolute predominance of 
paralysing substances over the drugs which act on the nervous system 
as excitants. He holds, especially, that a pupil dilated by a mydriatic 
can be contracted, only under exceptional circumstances, by a myotic ; 
as when, atropine having been subcutaneously injected in small 
quantities, physostigmine is applied directly to the conjunctiva in 
considerable quantity. 

Although this opinion is contrary to that of almost all other 
writers, it remains nevertheless established that the action of atropine 
and its congeners, on the nervous system, greatly outweighs that of 
eserine and similar substances. A partial neutralisation of the effect 
of the former has, however, always been found upon the administration 
of the latter, not only as regards the phenomena of secretion (Luch- 
singer, Heidenhain,? Vulpian®), but especially with reference to the 
changes in the pupil and accommodation. 

The best experiments, in this connection, we still owe to Donders 
and his pupils,‘ and to von Graefe. It has been found, by these 
authors, that, when the instillations of the mydriatic and myotic are 
simultaneous, the latter is first to develop its action, but is soon over- 
come by its antagonist, which thereafter maintains the ascendency. 
Von Graefe noticed that the action of atropine could be momentarily 
interrupted by the instillation of a solution of Calabar, but that, after 
this period of arrest, it resumed its normal course. 

It also results, from trials made by Donders, that the Calabar bean 
is still capable of lessening the diameter of a pupil which has been 
dilated to its maximum by atropine, and of causing the punctum 
remotum to approach the eye during the complete paralysis of the 
ciliary muscle. The amplitude of accommodation is then re-established 
in part; but this influence is of short duration, and the diagrams 
show that the effect of the atropine again becomes predominant at 
the close of the experiment. Krenchel and Schiiffer ‘have ascer- 
tained the same facts for the pupil, and Schiffer® has observed 
that eserine was capable of totally effacing the mydriasis which 
homatropine tends to provoke. On the contrary, duboisine, and 

1 Rossbach and Froehlich, Verhandl. d. physic-medic, Ges. in Wurzburg, Neue Folge 
Band. V., pp. 1-79, 1873. Rossbach, Arch. f. d. geaammte Physiol, vol xxi, p. 1, 1879. 

+ Heidenhain, Pfueger's Archie, t. ix. p. 385. 

> Vulpian, Gaz. des hép., No. 47, 1875. 

« Donders, loc. cit., p. 617. 

* Krenchel, Arch. f. Ophth., t. xx., 1, pp. 127-184, 1874. 

© Schiffer, Arch, f. Augenheilk,, t. x., p. 186, 1880. 


ANTAGONISM BETWEEN MYDRIATICS AND MyoTICS, BTL 


pr geet dhaal ss combat the effact of their antagonist with greater 


advantage. 
ee Pare Acer eee ae ee ee a 


successfully employed to relieve the symptoms of intoxication pro- 
SraseAT EG Reston and o¥tan yolatancet of Wis eame qcoril 


Cocainr.—Let us mention, finally, cocaine as the most recent 
mydriatic we possess. Tts influence upon accommodation is, it is 
true, quite secondary to its anresthetic effect, Altogether, it is little 
asod a3 a mydriatic, and its action as such is not yet well known. 

‘The mydriasis of cocaine is not so decided, nor is it as lasting, as 
that of atropine, Nevertheless it has the property of increasing the 
effect of the latter, so that the pupil dilates more energetically after 
atropine, when cocaine has previously been instilled into the eye, 
than when atropine alone is used. 

Eserine and pilocarpine easily overcome a cocaine mydriasis, 

According to some suthors, the cocafnized pupil is said to be 
irregular (v. Reuss,’ Emmert#). We have found, with other observers, 
that the iris, under the influence of cocaine, reacts less to light than 
it does when in its normal condition; , other authors dispute 
this influence of cocaine upon the contractility of the pupil. 

Some writers maintain that paralysis of accommodation doea not 
set in until after repeated instillations of a coucentrated solution of 
cocaine, whereas, in experimenting upon ourselves, we have found that 
two drops of a weak solution nt.) would diminish our amplitude 
of accommodation from 6 D to 25 D.* The observations of Koller 
and Knapp agree with ours. 

Besides, there is no doubt but that there are different kinds of 

# V. Rous, “Ophthalmologische Mittheliungen aus der 2" Universitate Augen: 
Klinik in Wien,” Wiener Med, =, r. sh. Premee, 1855. 

® E, Emmort, Cocain Correspondent. Hatt fiir Sohweiver Acrste, May 1885, 

* Lauulolt, “Yaa Gooutne,” Archive dophihatmolagic, Nov. and Dee. 1884, 

* Re Koller, ** Ueber dio Verwendung den Cocain sur Anaathevirung am Auge,” 
Wiener 3 Woekenschrift, 1884; and Bericht ber die 16% Versammlung slew Ophth. 
, Lith September 1886, Stuttgart, 1884. 

“HE Kaspp, “Hydrosklorate of ‘Cocaine: Experimenty and Application." The 
Metical Record, Oct. 1888. Let us still mention | 


tangs Ue fap Saclay, No. 238 1585; ‘Henry W. Bradford, Rapid 

Now, 3884; Dr, Pollak and Dr. Alt, The Weadly Medical Review, 1885; Prof. Keysar, 
™ Cocaine in Ophthalmolgio Surgory,” from The Dherapeutic Gace, Jun, 1886 } Joseph 
White, “Tho New Local Anesthetic, Mur. of Cocaine," Piryinia Matioat Monthly, 
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cocaine, or, more correctly speaking, the salts of cocaine, which have 
until now been used, contain different alkaloids, which influence the 
action of the drug accordingly. For instance, the first preparation we 
had occasion to use when this drug had just been introduced into 
practice, called forth an undeniable and prompt mydriasis, whereas 
that which we employed afterwards was much less marked in its 
influence upon the pupil, though its anzwsthetic properties seemed to 
be the same. 

The solution of cocaine may be used as concentrated as 10 per 
cent. Our practice, however, has taught us that a 2 per cent. solution 
will answer all purposes, and that one or two drops will suffice to 
render the cornea anesthetic. 

The salts of cocaine, which are principally used, are the murias 
cocaini, the solution of which is easily decomposed if it is not made 
antiseptic (sublimat. 1:5000 or 10,000), cocainums alicylicum, hydro- 
bromicum, and citricum. 

‘We frequently use the drug in the form of an ointment com- 
posed of vaseline or lanoline; the latter being more easily absorbed 
than any other fatty substance. 


PRESBYOPIA. 


Should it have been my good fortune to meet with a reader patient 
enough to follow ine thus far, it is probable that he will now feel 
inclined to close the book ; and yet I have still another paragraph to 
add to the many gone before, and, indeed, one which until now has 
never been wanting in a text-book on refraction and accommodation. 
This is “ presbyopia.” 

It was not forgetfulness which prevented me from touching upon 
the subject sooner; but I looked in vain for a proper place for it, and 
80 we have come to the end, and have treated of the most important 
and practical features of refraction and accommodation, without 
having found an opportunity to speak of presbyopia. 

One would be inclined to think that this subject ought to find a 
conspicuous place in a book of this kind, But, as we shall see, our 
conception of it renders the notion of presbyopia, as a special condition, 
80 to say, superfluous. 

The term presbyopia is evidently derived from the Greek pec Pus, 
old, and dy, the eye. The natural translation of it would therefore 
be “the vision of old age.” This is, indeed, the primitive signification 
of the word. It had been noticed, by those who first used it, that old 
people, though able to see well at a distance, often lose the ability to 
see near at hand, that they are obliged to hold a book abnormally far 
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from them when they read, and that, to facilitate vision, they must 
have recourse to convex glasses, This phenomenon is easily explained, 
since Donders investigated it, by the decrease of accommodation and 
consequent lack of positive refraction for eyes whose static refmetion 
is not of very high degree, viz, persons slightly myopic, emmetropes 
and hyperopes. 

This condition must have been considered as a sort of disease 
incident to old age, at a period whon physiological optics wore almost 
unknown, Whenever a man could not see well at a short distance, 
le was called " presbyopic." The word was even made to cover the 
cases of young people.and every one who needed glasses for either near 
or distant vision was classed with the “ presbyopes.” In other words, 
hyperopes, as well as those who, in consequence of diminution of 
their range of accommodation and weakness of refraction, needed 
glasses for near vision, were called “ presbyopes.” 

‘This tern—" presbyopia "—is very familiar to the general public, 
which knows oven its etymology.t A proof of this is found in the 
fright and indignation encountered nearly every time we dare to 
propose the use of reading-glasses to a lady. “Why, doctor, I'm not 
yet presbyopic !" How often do we hear this objection raised | 

‘The word “preskyopia” had long taken firm root before Donders 


wrote his masterly work on accommodation and refmetion. Tt had 
become so thoroughly fixed in Rad minds that the illustrious 


teacher i in ophthalmology thought he could neithor eradicate nor 

it, He has tried to compromise by gi giving a precise defini- 

tion of the term, and restricting its meaning, According to Donders, 

“the term ‘ presbyopia' is to be restricted to the condition in which, 

as the result of the increase of years, the range of accommodation 
is diminished, and the vision of near objects interfered with.” 

Bat this definition still lacked precision. It was necessary to 
specify what was meant iby“ vision of near objects,” Donders gives, 
ius a measure of near vision, a distance of 8 inches, 

‘The following is, therefore, th ignification of the word “ presby- 

:—The condition of any eye 

hysiological weakening of its refraction, 

can no longer see at a distance of 8 inches, é«,, 216°5 millimetres, or, 
in round numbers, 22 centimetres, In still other terms, every eye 


whese punctum provimum is more than 7; distant, or which, by 
Tringing all its refraction into play, does not attain a positive re- 
fractive power of more than 45 dioptries. 


* This statement ie truer of France than of this country. But the disinclination of 
Young ladios to wear glasses seems universal, and the author's explanation of this indoubt- 
Jem, for many cases, the proper one. —ThaxaLarou 








574 CLINICAL PORTION, 


Let us take, again, Donders’ diagram (p. 174). We shall find it 
indispensable to a clear comprehension of the following considerations. 
According to this diagram, and all that we have hitherto learned, we 
see at once that no myope, whose static refraction or degree of myopia 
exceeds 7 dioptries, can ever become presbyopic. For, as Donders’ 
diagram indicates, even without accommodation, they see at a dis- 
tance of 19° = 142 millimetres up to the age of fifty years, and up to 
the age of sixty-four, by adding to it their dynamic refraction. Even 
at the age of eighty, when there is no longer any dynamic refraction, 
and the static has diminished 2°5 dioptries, they still have remaining 
7-25=45 dioptries with which to see at the required distance of 
X>; or 8 inches. 

Myopes, whose ametropia is of lower degree than in the preceding 
case, become presbyopic, but earlier or later, according to the degree 
of their myopia, Thus, with 4°5 D, one will not need convex glasses 
to see at 22 centimetres before the age of sixty-three years. This is 
the age at which the curve pp of maximum refraction crosses the 
zero-line,—that is to say, falls below the primitive value of the 
static refraction. 

The emmetrope becomes presbyopic at forty years of age, The 
scheme shows directly that, at this age, the curve pp is at 4'5 dioptries, 
Hence, from this time on, the amount of positive refraction which 
the eye needs, in order to have the requisite 4°5 dioptries, must be 
supplied by convex glasses. 

The hyperope becomes presbyopic sooner in proportion as his 
hyperopia (his negative static refraction, — r) is of higher degree. 
Thus, a hyperope of four dioptries is presbyopic already at the age of 
twenty-five years, because, in order to attain the required 4°5 dioptries 
of refraction, he must have 4 + 45 = 8°5 dioptries of dynamic refrac- 
tion, and it is only up to the age of twenty-five that his accommoda- 
tion is so strong as that. When the hyperopia is of higher degree, 
presbyopia manifests itself still earlier. 

Hence, presbyopia is an infirmity of age, which spares some old 
persons until the age of eighty, but may affect young persons of twenty- 
five years or even less, This contradiction, of itself, clashes with 
logic, yet, but the notion of presbyopia has inconveniences of greater 
importance than this. 

To invest it with accuracy, it has been necessary to define this 
word presbyopia. The definition necessitates the admission of a single 
specified distance for near vision. But a uniform distance for near 
work is manifestly inadmissible, and with this falls the legitimacy of 
the notion of presbyopia. 
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Not all people work at the same distance. While many persons 
hold work 22 centimetres from the eyes, there are many others who 
remove it much farther, and others who bring it nearer than that. 
‘Thus, a tall man, who is not myopic, generally holds his newspaper 
much more than 22 centimetres from his eyes, on account of the 
Tength of his arms, He would hardly thank us for adapting him 
to 22 centimetres. 

It is but proper, however, to say that, in giving the eye 45 
dioptries of positive refmetive power, we do not insist that it shall 
work at this distance of 22 centimetres. It could work farther off, 
for instance at 33 centimetres, and reserve 1-5 dioptries of aecommo~ 
dation, if it still have that amount, with which longer to continue its 
work at this greater distance. These 15 D may, however, be too 
much in certain cases, and not sufficient in others. 

But even a distance of 33 centimetres is too short for many people, 
Painters, book-keepers, and others, who, with a single glance, must be 
able to take in a more extended surface, and those, like violinists, 
carpenters, as well as laundresses and many others, whose work re- 
quires to be held at some distance, demand a weaker positive refrac- 
tion. Still others, on the contrary, such as goldsmiths, engravers, and 
embroiderers, work with such fine objects that they must bring them 
very near the aye in order to obtain larger retinal images, The same 
is the case with those who work by insufficient light, or whose 
acuteness of vision is poor. They endeavour to make up for these 
defects by increasing the size of the retinal images, Hence, such 
people require a refraction greater than 4°5 dioptries for their work, 
Tn short, the distance of near vision varies considerably, according to 
the exigencies of the work and the habits of the individual. 

Finally, we ought not to forget that, however wonderfully Donders’ 
diagram of the amplitude of accommodation agrees in general with the 


he who is satisfied to take into consideration only the age of the 
patient and his static refraction, when prescribing glasses for presby- 
opia, incurs a two-fold risk, He will pass over so important a fact as 
a defect of accommodation, and then the glasses he has ordered will 
evidently not suit the patient, 

Tt was for these reasons that we proposed, in a former work,? to 
Janish the term “presbyopia" from ophthalmology, and allow our 
selves to be guided, in the choice of spectacles, solely by the require- 
ments and desires of those who consult us, without holding ourselves 


* Landolt, 4 Manual of Keamination of the Byer, pp, 141-185, Philadelphia, 1878, 
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